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PREFACE. 

The aim of this work is to make DeBcriptive Geometry an 
integral part of a course in Mechanical or Engineering Drawing. 

The older books on Descriptive Geometry are geometrical rather 
than" descriptive. Their authors were interested in the subject as a 
branch of mathematica, not as a branch of drawing. 

Technical schools should aim to produce engineers rather than 
mathematicians, and the subject is here presented with the idea 
that it may fit naturally in a general course in Mechanical Drawing. 
It should follow that portion of ilechanical Drawing called Line 
Drawing, whose aim is to teach the handling of the drawing instru- 
ments, and should precede courses specializing in the various 
branches of drawing, such as Mechanical, Structural, Architectural, 
and Topographical Drawing, or the " Laying Off " of ship lines. 

The various branches of drawing used in the different industries 
may he regarded as dialects of a common language. A drawing is 
but a written page conveying by the use of lines a mass of informa- 
tion about the geometrical shapes of objects impossible to describe 
in words without tedium and ambiguity. In a broad sense all these 
branches come under the general term Descriptive Geometry, It 
is more usual, however, tp speak of them as branches of Engineer- 
ing Drawing, and that term may well be used as the broad label. 

The term JDescriptive Geometry will be restricted, therefore, to- 
the common geometrical basis or ground work on which the various 
industrial branches rest. This ground work of mathematical lawa. 
is unchanging and permanent. 

The branches of Engineering Drawing have each their own 
abbreviations and special methods adapting thera to their own 
particular fields, and these- conventional methods change from time 
to time, keeping pace with changing industrial methods. 

Descriptive Geometry, though unchanged in its principles, has 
recently undergone a complete change in point of view. In 
changing its purpose from a mathematical one to a descriptive one, 
or, from being a training for the geometrical powers of a mathema- 
tician to being a foundation on which to build up a knowledge of 
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Borne branch of Engineering Drawing, the number and position of 
the planes of projection commonly used are altered. The object ia 
now placed behind the planes of projection instead of in front of 
them, a change often spoken of as a change from the " 1st quad- 
rant" to the " 3d quadrant," or from the French to the American 
method. We make this change, regarding the 3d quadrant method 
»s the only natural method for American engineers. All the prin- 
ciples of Descriptive Geometry are as true for one method as for the 
other, and the industrial branches, as Mechanical Drawing, Struc- 
tural Drawing, etc,, as practiced in this country, all demand this 
method. 

In addition, the older geometries made practically no use of a 
third plane of projection, and we take in this book the further step 
of regarding the use of three planes of projection as the rule, not 
the exception. To meet the common practice in industrial branches, 
we use as our mcwt prominent method of treatment, or tool, the 
auxiliary plane of projection, a device which may be called the 
draftsman's favorite method, but which in books is very little 
noticed. 

As the work is intended for students who are but just taking up 
geometry of three dimensions, in order to inculcate by degrees a 
power of visualizing in space, we begin the subject, not with the 
mathematical point in space but with a solid tangible object shown 
by a perspective drawing. No exact construction is based on the 
perspective drawings which are freely used to make a realistic ap- 
pearance. As soon as the student has grasped the idea of what 
orthographic projection is, knowledge of how to make the projection 
is taught by the constructive process, beginning with the point and 
passing through the line to the plane. To make the subject as 
tangible as possible, the finite straight line and the finite portion of 
a plane take precedence over the infinite line and plane. These 
latter require higher powers of space imagination, and are therefore 
postponed until the student has had time to acquire sUch powers 
from the more naturally understood branches of the subject. 

F, W, B. 

T. W. J. 
March. 1910. 
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CHAPTER I. 
KATUBE OF OBTHOOBAFHIC FBOJECTION. 

1. Orthc^raphio Projection. — The object of Mechanical Draw- 
ing is to represent solids with such mathematical accuracy and 
precision that from the drawing alone the object can be built or 
eonEtniet«d without deviating in the slightest from the intended 
shape. As a consequence the "working drawing" is the ideal 
fought for, and any attempt at artistic or striking effects as in 
" show drawings " must be regarded purely as a side issue of minor 
importance. , Indeed mechanical drawing does not even aim to 
give a picture of the object as it appears in nature, but the views 
are drawn for the mind, not the eye. 

The shapes used in machinery are bounded by surfaces of mathe- 
matical regularity, such as planes, cylinders, cones; and surfaces 
of revolution. They are not random surfaces like the surface of a 
lump of putty or other surfaces called " shapeleso." These definite 
shapes must be represented on the flat surface of the paper in an 
unmistakable manner. 

The method chosen is that known as "orthographic projection." 
If a plane is imagined to be situated in front of an object, and 
from any salient point, an edge or comer, a perpendicular line, 
called a " projector," is drawn to the plane, this line is said to 
project the given point upon the plane, and the foot of this perpen- 
dicular line is called the projection of the given point. If all 
salient points are projected by this method, the ortkographic draw- 
^ ing of the object is formed. 

2, Perspective Brawing. — The views we are accustomed to in 
artistic and photographic representations are " Perspective Views." 
They seek to represent objects exactly as they appear in nature. 
In their case a plane is supposed to be erected between the human 
eye and the object, and the image is formed on the plane by sup- 
posing straight lines drawn from the eye to all salient points of 
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the object. Where these lines from the eye, or " Visual Bays," as 
they are called, pierce the plane, the image is fonned. 

Fig. 1 represents the two contrasted methods applied to a simple 
object, and the customary nomenclature. 

An orthographic view is sometimes called an " Infinite Perspec- 
tive View," as it is the view which could only be seen by an eye at 
an infinite distance from the object " The Projectors " may then 
be considered as parallel visual rays which meet at infinity, where 
the eye of the observer is imagined to be. 




Perspective Vic 



Orthoohaphic View. 



Pio. 1. 



3, The Be^lar Orthographic Views. — Since solids have three 
" dimensions," length, breadth and thickness, and the plane of the 
paper on which the drawing is made hag but two, a single ortho- 
graphic view can express two only of the three dimensions of the 
object, but must always leave one indefinite. Points and lines at 
different distances from the eye are drawn as if lying in the same 
plane. Prom one view only the mind can imagine them at dif- 
ferent distances by a kind of guess-work. If two views are made 
from different positions, each view may supplement the other in 
the features in which it is lacking, and so render the representa- 
tion entirely exact. Theoretically two views are always required 
to represent a solid accurately. 

To make a drawing all the more clear, other views are generally , 
advisable, and three views may be taken as the average requirement 
for single pieces of machinery. Six regular views are possible, 
however, and an endless number of auxiliary views and " sections " 
in addition. For the present, we shall consider only the " regular 
views," which are six in number. 
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4, Planes of Projection. — A solid object to be repreaented u 
supposed to be Eurrounded by planes at short distances from it, the 
planes being perpendiealar to each other. From each point of 
every salient edge of the object, lines are supposed to be draim 
perpendicular to each of the surrounding planes, and the aueces- 
sion of points where these imaginary projecting lines cut the planes 
are supposed to form the lines of the drawings on these planes. 
One of the planes is chosen for the plane of the paper of the actual 
drawing. To bring the others into coincidence with it, so as to 
have all of them on one flat sheet, they are imagined to be unfolded 
from about the object by revolving them about their lines of inter- 
section with each other. These lines of intersection, called " aies 
of projection," separate the flat drawing into different views or 
elevations. 
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Fig, 2 is a true perspective drawing of a solid object and the 
planes as they are supposed to surround it This figure is not a 
mechanical drawing, but represents the mental process by which 
the mechanical drawing is supposed to be formed by the projection 
of the views on the planes. In this ease the planes are supposed 
to be in the form of a perfect cube. The top face of the cube shows 
the drawing on that face projected from the solid by fine dotted 
lines. Remember that these fine dotted lines ai« supposed to be 
perpendicular to the top plane. This drawing on the top plane ia 
called the " plan." On the front of the cube the " front view " or 
" front elevation " is drawn, and on the right side of the cube is 



n,gt,7cdT:G00glc 



NiTDEE OF OETHOOBApniC PbOJEOTION B 

the " right side elevation." Three other views are sappoaed to be 
drawn on the other faces of the cube, but they are shown on Fig. 
2a, which is the perBpective view of the cube from the opposite 
point of -view, that is, from the back and from below instead of 
from in front and from above. 

This method of putting the object to be drawn in the center of 
a cube of transparent planes of projection is a device for the im- 
agination only. It explains the nature of the " projecUons," or 
" views," which are used in engineering drawing. 

5. Development or Flattening Out of the FlRBes of Projection. — 
Xow imagine the six sides of the cube to be flattened out into one 
plane forming a grouping of six squares as in Fig, 3. What we 
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have now is a descriptive or mechanical drawing of the object 
showing six " views." The object itself is now dispensed with and 
its projections are used to represent it. These sis views are what 
we call the " regular views." With one slight change they cor- - 
respond to the regular set of drawings of a house which architects 
make. 
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The set of eii " regular " projections would not be altered by 
passing the transparent planes at unequal distances from each 
other, BO long as they surround the object and are mutually per- 
pendicular. They may form a rectangular parallelopiped instead 
of a cube without altering the nature of the views. 

It will be noticed also that views on opposite faces of the cube 
differ but little. Corresponding lines in the interior may in one 
caae Ije full lines and in the other " broken lines." Broken lines 
(formed by dashes about i" long, with spaces of ^") represent 
parts concealed by nearer portions of the object itself. All edges 
project upon the plane faces of the cube, forming lines on the draw- 
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ings, the edges concealed by nearer portions of the object forming 
broken lines. 
6. The Beference Flanes and Principal Views. — In drawings of 

parts of machinery six regular views are usually unnecessary. The 
three views shown in Fig. 2 are the " Principal 'Views," and others 
are needed only occasionally. The planes of those views are the 
" Reference Planes," 

These views, when flattened from their supposed position about 
the object into one plane, give the grouping in Fig. 4. 

Another arrangement of the same views, obtained by unfolding 
the planes of the cube in a different order, is shown in Fig. 5. 
These two arrangements are standard in mechanieal drawing, and 
are those most used. 
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7. The NomencUtnre. — The nomenclature adopted is && followe : 
The " Beference PlaneB," or three principal planes of projection, 
are called from their position, the Horizontal Plane, or H, the 
Vertical Plane, or Vj and the (right) Side Plane, or S- The plane 
S is by some called the "Profile Plane." The point (Pig. 2), 
in which they meet, is the " Origin " of coordinateB. The line 
OX, in which H and V intersect, is called the " Axis of X," or 
" Ground Line." The line OY, in which H and § meet, is called 
the " Asia of Y," and the line OZ, in which V and g meet, is 
called the " Axis of Z." The three axes together are called the 
" Axes of Projection." 

Since drawings are considered as held vertically before the face, 
it is considered that the plane V coincides at all times with the 
" Plane of the Paper." In unfolding the planes from their .posi- 
tions in Fig. 3 to that in Fig, 4, it is considered that the plane H 
has been revolved about the axis of X (line OX), through an angle 
of 90°, until it stands vertically above V- In the same way S is 
considered to he revolved about the line OZ, or axis of Z, until it 
fakes its place to the right of V- 

The arrangement in Fig, 5 corresponds to a different manner of 
revolving the plane S- It is revolved about the axis of Y (OY) 
until it coincides with the plane H. "nd is then revolved with f%, 
about the axis of X, until both together come into the plane of the 
paper, or V- 

The three other faces of the original cube of planes of projection 
are appropriately called ff', V'j and S'- On account of the simi- 
larity of the views on them, to those on H, V and S, they are but 
little used, g' alone is fairly common since a grouping of planes 
H. V and S' is at times more convenient than the standard group 
H. V and S. 

8. Keaning of " DesoriptiTe Oeometry." — The aim of Engineer- 
ing or Mechanical Drawing is to represent the shapes of solid 
objects which form parts of structures or machines. It shows 
rather the shapes of the surfaces of the objects, surfaces which are 
usually composed of plane, cylindrical, conical, and other surfaces. 
In the drawing room, by the application of mathematical laws and 
principles, views are constructed. These are usually Plan, Front 
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Elevation, and Side ElevatioD, and are exactly sacb views as would 
be obtained it the object itself were put within a. cage of trans- 
parent planes, and the true projections formed. 

It is these mathematical laws or rules which form the subject 
known as Descriptive Geometry. A drawing made in such a way 
as to bring out clearly these fundamental laws of projection, by the 
use of axes of projection, etc., may be conveniently called a " De- 
scriptive Drawing," 

In the practical application of drawing to industrial needs, 
short-oita, abbreviations, and special devices are much used (their 
nature depending on the special branch of industry for which the 
drawing is made). In addition, the axes of projection are usually 
omitted or left to the imagination, no particular effort being made 
to show the exact mathematical basis provided the drawing itself 
is correct. Such a drawing is a typical " Mechanical Drawing." 
By the addition of axes of projection:. and similar devices, it may 
be converted into a strict " Descriptivfe' Drawing." 

9. The Descriptive Drawing of a Point in Space. — ^The imagi- 
nary process of making a descriptive drawing conaists in putting 
the object within a cube of transparent planes, and projecting 
points and lines to these planes. In practice the projections are 
formed all on a single sheet of paper, which is kept in a perfectly 
flat shape, by the application " of rulea of a geometrical kind de- 
rived from the imaginary process. The key to the practical pro- 
. is in these rules. The first subject of exact investigatio 



ng a point in space by its pro- 
tion as regards the "reference 

[stances. 



should be the manner of represent] 
jections and the fixing of its pgsi 
planes " by the use of coordinate di 

Pigs. 6 and 7 show the imaginary and the practical processes of 
representing P by its projections. 

Fig. 6 is a perspective drawing showing the cube of planes, or 
rather the three- sides of the cube regularly used for reference 
planes. The cube must be of such size that the point P falls well 
within it. The perpendicular projectors of P are FPt,, PPv and 
PP,. The origin and the axes of projection are all marked as oa 
Fig. 2. 



n,gt,7cdT:G00glC 



Natuhe of Orthographic Pbojectios 



In Fig. 1 the " field " of the drawing, that part of the paper 
devoted to it, is prepared by drawing two straight lines at right 
angles to represent the axes of projection, lettering the horizontal 
line XOY, and the vertical one ZOY\. This field corresponds to 
that of Fig. 4, the outer edges of the squares being eliminated 
■since there is no need to confine each plane to the size of any par- 
ticular cube. If more field is needed, the lines are simply ex- 
tended. It must be remembered that these axes are quite different 
from the coordinate axes used in plane analytical geometry, or 
graphic algebra. These divide the field of the drawing into four 
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quadrants, of which three represent three dijferent planes, mutu- 
ally perpendicular, the fourth being useful only for tiie purposes 
of construction. - .,- 

Usually the upper left quadrant, the " North-Weat," represents 
H ; the lower left quadrant, or " South-West," represents V> wd 
the lower right quadrant, or " South-East," represents S- 

On occasion the axes may be lettered XOZ, horizontally and 
ZvOY vertically, to correapond to Fig, 5, the upper right quadrant 
now representing S- 

10. CoordinatM of a Point in Space. — A -point vn space is 
located by its perpendicular distances from the three planes of 
projection, that is to say, by the length of its projectors. These 
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distances are called the coordinates of the point, and are designated 
by X, y and z. In the example given, these values are 3, 3 and 1. 
In Fig. 6 PP„ the S projector of P, is two units long, or a; = ^. 
The perpendicular distance to the plane Vi the V projector, PPp, 
is three nnits long. y=3. In the same way PPk, the H projector, 
is one unit long. z=\. 

In describing the point P, it is sufficient to state that it is the 
point for which x=%, y=3, and 2 = 1, This is abbreviated con- 
veniently by calling it the point P (3, 3, 1), the coordinates, given 
in the bracket, being taken always in the order x, y, z. 

The projectors, the true coordinate distances, are shown in Fig. 
6 by lines of dots, not dashes. 

If in each plane Hi V and gj perpendicular lines are drawn 
(dashes, not dots) from the projections of P to the axes, we shall 
have the lines P\e and P»f, P^e and P^g, Ptg and P,f. These lines 
meet in pairs at e, g, and /, forming a complete rectangular paral- 
lelepiped of which P and are the extremities of a diagonal. The 
other comers of the parallelepiped are P\, P„, P,, e, f and g. 

Each coordinate, x, y and z, appears in four places along four 
edges of the parallelopiped, as is marked in Fig, 6. 

The distances x, y and .z are all considered positive in the case 
shown. 

In Fig, 7, the descriptive drawing of the point P, P itself does 
not appear, being represented by its projections, P», P^ and P,. 
The true projectors (shown in Fig, 6 by lines of dots) do not 
appear, but in place of each coordinate ihree distances equal to it 
do appear, so that in Fig. 1 x,y and z each appear in three places 
as is there marked. Thns x appears as P*/*, eO, and P^g. As all 
these are measured to the left from the vertical axis, ZOT\, it 
follows that PnepB is a straight line, or P* is vertically above P„. 
It is often said that Pp " projects vertically " to P». In the same 
way P„ " projects horizontally " to P,. The distance y appears as 
ePd, Ofk, Of,, and gP,. The point / appears double due to the 
axis of Y itself doubling. To represent the original coincidence of 
fx and f,, a quadrant of a circle with center at is often used to 
connect them. 
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11. Three Laws of Projection for Hi V and S- — The three rela- 
tions shown by Fig. 1 amount to three laws governing the pro- 
jections of a point in the three views, and must always be rigidly 
observed. They may seem easy and obvious when applied to one 
point, hut when dealing with a multitude of points it ie not easy 
to observe them unfailingly. 

They may be thus tabulated : 

(1) P» must be vertically above Pp. 

(2) P, must be on the same horizontal line aa Ft. 

(3) P, must be aa far to the right of OZ as P* is above OX. 
From these laws it follows that if two projections of a point are 

given, the third is easily found. In Fig. 7, if two of the comers 
of the figure Pi,fi,f,P,Pv are given, the figure can be graphically 
completed. Much of the work of actual mechanical drawing con- 
sists in correctly locating two of the projections of a point by plot- 
ting or measuring, and of finding the other projection by the appli- 
' cation of these laws or of this construction. Constant checking , 
of the points between the various views of a drawing is a vital prin- 
ciple in drawing. 

On the drawing board the horizontal proj'ection of Po to P, is 
naturally done by the T-square alone, and the vertical projection 
of P* to Pp by T-square and triangle. There are two methods of 
carrying out the third law in addition to the graphical construc- 
tion of Fig, 7. Fig. 8 shows a graphical method which makes use>. 
of a 45° line, OL, in the construction space, instead of the quad-- 
rant of a circle. It is easier to execute, but the meaning is not so 
clearly shown. The third method ia by the use of the dividers, 
directly to transfer the x coordinate from whichever place it is, 
first plotted, to the other view in which it appears. 

12. Paper Box Diagrams. — When studying a descriptive draw- 
ing, such as Fig. 8, imagine as you look at P„ that the real point P 
lies back of the paper, at a distance equal to ePh. 

Whenever figures in the text following seem hard to grasp, carry 
out the following scheme. Trace the figure on thin paper, or on 
tracing cloth. Using Fig. 8 as an example, and supposing it to 
have been traced _on semitransparent paper, hold the paper before 
you and fold the top half back 90° on the line XOY,. Then, view- 
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ing Ph from above, imagme the tme point P to lie below the paper 
at a distance equal to eP,, in the same way as you imagine P to 
lie back of P^ at a distance equal to ePu. 

After flattening the paper, fold the right half back 90° on the 
line ZOYt,, and, viewing Pt from the right, imagine P to lie back 
of P, a distance Ptg. Finally, crease the paper on the line OL, 
OL itself forming a groove, not a ridge, and bend the paper on all 




the creases at once, so that M and S fold hack into positionfl at 
right angles to V and to each other at the same time. 

The " constniction space" ¥i,OY, is thus folded away inside 
and OYh and OY, come in contact with each other. Fig. 9 shows 
the final folding partly completed. 

Wo diagram, however complicated, can remain obscure if studied 
from all sides in this manner. 

To have a conyenient name, these space diagrams may he called 
" Paper Box Diagrams." 
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Figs. 4 and 5 make good paper box diagramB, while Fig. 3 may 
be traced and folded into a perfect cube which, if held in proper 
position, will give the exact views shown in Figs. 2 and 3a, omit- 
ting the solid object supposed to be seen in the center of those 
figures. 

13. Zero Coordinatei. — ^Points having zero coordinates are some- 
times perplexing. If one coordinate is zero, the point in question 
is OD one of the reference planes, and indeed coincides with one of 
its own projections. Since x is the length of the orthographic 
projector of the point P upon the plane S, if a^=Oj this projector 
disappears and the point P and its S projection P, coincide. If 




the point Q (0, 3, 1) is to be plotted it will be found to coincide 
with P, in Fig. 6, The descriptive drawing will correspond with 
Fig. 7 with all lines to the left of ZOY^ omjtt«d, and with the let- 
tering changed as follows: For P, put Q, (and Q), for ^ put Qk, 
for g put Qv Jfhe student should make this diagram on cross- 
section paper and should study out for himself the similar cases for 
the points Q' (3, 0, 1) [P, in Fig. 6] and Q" (3, 3, 0) [P* in Fig. 
6] and should proceed from them to more general cases, assuming 
ordinates at will, using cross-section paper for rapid sketch work 
of this kind. 

If two coordinates are zero, the point lies on one of the axes, 
on that axis, in fact, which corresponds to the ordinate which is not 
zero. Thus the point B (2, 0, 0) is the point e of Fig. 6, J?» and 
Bv are at e, and £, is at 0. 
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Fra. 10a. 

These wire-mesh cages are not essential for a clear understanding 
of the course. Croas-section paper should be used in the solution 
of the problems and folded to make " space " or " paper box " dia- 
grams, to illustrate knotty points. These folded diagrams are 
practically miniature cages. The full-size cages are very con- 
venient for class-room demonstrations. 
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Wiie-meBh Cage. 

If possible, it is very desirable to have cages similar to Fig. 10, 
formed of wire-meah acreerffi, representing the planes fi, V, S and 
S'- On these screens chalk marks may be made and the planes, 
being hinged together, may afterward be brought into coincidence 
with V> *8 represented in Pig. 10a. 

In order to plot points in space within the cage, pieces of wire 
about 30 inches long, with heads formed in the shape of small 
loops or eyes, are used as point markers. They may be set in holes 
drilled in the base of the cage at even spaces of 1" in each direc- 
tion, so that a marker may be set to represent any point whose £ 
or y coordinates are even inches. To adjust the marker to a re- 
quired z coordinate, it may be pulled down so that the wire projects 
through the base, lowering the head the required amount, z may 
vary fractionally. 

In Fig. 10 a point marker is set to the point P (11, 4, 6), and 
the lines on the screens have been put on with chalk, to represent 
all the lines analogous to those of Pig, 6. 

Fig. 10a represents the descriptive drawing produced by the 
development of the screens in Fig, 10. It is analogous to Fig. 7. 

Several points may be thus marked in space and soft lead wire 
threaded through the loops, so that any plane figure may be shown 
in space, and its corresponding orthographic projections may be 
drawn on the planes in chalk. 

Problems I. 

(For solution with wire-mesh cage.) 

1. Plot by the use of the wire markers the three points. A, B . 
and C, whose coordinates are (5, 12, 11), (3, 3, 3), and {12, 4, 8), 
and draw the projections on the screens in chalk. By joining point 
to point a triangle and its projections are formed. Use lead wire 
for joining the points, and chalk lines for joining the projections. 

2. Form the triangle as above with the following coordinates: 

(11,3,3), (12,6,12) and (14,12,7). 

3. Form the triangle as above with the following coordinates: 

(7,0,11), (9,9,0) and (3,2,3). 
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4. Form the triangle as above -with the following coordinates: 

(0,11,13), (14,3,3) and (14,13,0). 
(The following ezsmpleg may be solved on coordinate paper, or 
plotted in inches on the blackboard.) 

5. Make the descriptive diawing of a triangle in three views by 
plotting the vertices and joining them by straight lines. The 
vertices are the points A (1,10,8), B (5,6,8), C (9,2,4). 

6. Make the deecriptive drawing as above using the points 

A (13,2, 5), B (0, 8, 6), C (4,6,0). 

I. Make the descriptive drawing as above using the points 

A (3,4,3), B (13,8,10), C (5,10,14). 

8. The four poinU a (3,3,3), B (3,3,15), C (15,3,15), and 
2> (15,3,3) form a aqnare. Make the descriptive drawing. Why 
are two projections straight lines only? What are the coordinates 
of the center of the square? 

9. The four points A (12,2,13), B (8,2,12), C (7.14,12), 
and D (7, 6, 2) are the comers of a solid tetrahedron. Make the 
descriptive drawing, being careful to mark concealed edges by 
broken lines. 

10. Make the descriptive drawing of the tetrahedron A (2, 3, 2), 
B (9, 8, 3), C (*, 8, 9), D (13, 3, 6), marking concealed edges by 
broken lines. 

II. Make the deecriptive drawing of the tetrahedron A (3, 2, 4), 
B (G,8, 3), C (8, 1,8), D (3,7,8). 

12. Plot the points A (12, 7, 7), B (8, 13, S), C (3, 9, 3), and 
D (6,3,4). Why is the V projection a straight line? 

13. Make the descriptive drawing of the tetrahedron A (13, 5, 3), 
B (1, 5, 3), C (7, 2, 6), D (7, 8, 6). To which axis is the line AB 
parallel? To which axis is CD parallel? 

14. Plot and join the points ^ (11, 3,3), B (3, 3, 3),C? (7,9,7), 
and D (15, 9, 7) . Bo AC and BD meet at a point or do they pass 
.without meeting? 
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CHAPTER 11. 
OBTHOGBAPHIC FSOJECTIOH OF THEFIKrrE STBAIOHT 

Lini:. 

14. The Fiaite Stra^ht Line in Space: One not Parallel to any 
Seference Flane, or an " Obliqne Line." — A line of any kind con- 
sists merely of a succession of points. Its orthographic projection 
is the line formed by the projections of these points. 

In the case of & straight line, the orthographic- projection is 
itself a straight line, though in some cases this straight Jine may 
degenerate to a single point, as mathematicians espress it. 




To find the Hi V and S projections of a finite straight line in 
space, the natural course is to project the extremities of the line 
on each reference plane and to connect the projections of the ex- 
tremities by straight lines. We shall not consider this as requir- 
ing proof here. It is common knowledge that a straight line cannol 
be lield in any position that will make it appear curved, and ortho- 
graphic projection is, as shown by Fig. 1, only a special case oi 
perspective projection. The strict mathematical proof is not ex- 
actly a part of this subject. 
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The projectors from the different points o£ a straight line form 
a plane perpendicular to the plane of projection. This " projector- 
plane," of course, contains tlie given line. If the straight line is 
a limited or finite line the projector-plane, is in the form of a 
quadrilateral having two right angles. Thus in Fig. 11 the H 
projectors of the straight line AB form the figure AA),Bi,B, having 
right angles at A^ and B». These projector-planes AAt,BtB, 
AA,B,B, and AA^B^B are shown clearly in this perspective draw- 
ing, in which they are shaded. 

Fig. 13 is the descriptive drawing of the same line AB which has 
been selected as a " fine in space," that is, as one which does not 
obey any special condition. In such general cases the projections 
are all shorter than the line itself. As drawn, the extremities are 
A (1,1,5) andS (5,4,S). 
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15. Line Parallel to Que Refeience Plane, or ZnoUned Line. — 

A line which is parallel to one reference plane, but is not parallel 
to an axis, appears projected at its true length on that reference 
plane only. 

Figs. 13 and 14 show a line five units long, connecting the points 
A (1, 8, S) and B (5, 6, 2). A^B^ is also five units in length but 
AaBv is but four and A,B, is three. The projector-plane AAhBiM 
, is a rectangle. 

The student should construct on coordinate paper the two simi- 
lar cases. For example : the line C (4, S, 1), D (1, 2, 5) is parallel 
to V; ^ (2, 1, 2), F {3, 5, 5) is parallel to S- 



n,gt,7cdT:Google 



Engineering Descriptive Geometry 



16. Line Farsllel to One at the Axes and thoa Parallel to 
Two Beference Flonei. — If a finite straight line is parallel to one 
of the aiea of projection, its projection on the two reference planes 
which intersect at that axie, will be equal in length to the line 
itself. Its projection on the other referaice plane will he a single 
point 

Fig. 15 is the perspective drawing and Fig. 16 the descriptive 
drawing, of a line parallel to the axis of X, fonr units in length. 
Its extremities are the points A (1,2,2) and B (5,3,2). In H 
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and V its projections are four units long. The projector-planes 
AAhBuB and AAeBvB are rectangles. The S projector-plane de- 
generates to a single line BAA,. It will he seen that the coordi- 
nates of the eitreme points of the line differ only in the value of 
the X coordinate. In fact, any point on the line will have the 
y and 2 coordinates unchanged. It is the line {x variable, 2, 2). 

The student should construct for himself descriptive drawings 
of lines parallel to the axis of Y and the axis of Z, using prefer- 
ably " coordinate paper " for ease of execution. GcKid examples 
are the lines C (1,1,1), D (1,5,1) and ff (3,1,1), F (3,1,4). 
Points on the line CD differ only as regards the y coordinate. It 
is a line parallel to the axis of Y. EF is parallel to the axis of Z 
and z alone varies for different points along- the line. 
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17. Foieshortening. — ^The projection of a line oblique to the 
plane of projection is shorter than tlie original line. This is 
called foreshortening. The ff, V f"id S projections of Fig, 12, 
and the V and S projections of Fig. 14, are foreshortened. It is 
a loose method of expression, bnt a common one, to say that a line 
is foreshortened when it is meant that a certain projection of a 
line is shorter than the line itself. When sabscripts are omitted 
and Ai^k is called AB, it is natural to speak of the line AB as 
appearing "foreshortened" in the plan view or projection on ff. 
This inexact method of expression is so customary that it can 
hardly be avoided, bat with this explanation no misconception 
should be possible. 

18. Inclined and Oblique lines. — The words Inclined and Obli- 
que are taken generally to mean the same thing, but in this subject 
it becomes necessary to draw s distinction, in order 'to be able to 
specify without chance of misunderstanding the exact nature of a 
given line or plane. 

A line will be described as: 
Parallel to an axis, when parallel to any axis. As a special case a 

line parallel to the axis of Z may be called simply vertical. 
Inclined, when parallel to a reference plane, but not parallel to an 

axis. The line AB, Fig. 13, is an illustration. 
Oblique, when not parallel to any reference plane or axis. The 

typical " line in space " is oblique. AB, of Fig. 11, illustrates 

this case. 

19. Inclined and Oblique Planes. — A plane will be called : 
Horizontal, when parallel to H. The V projector-plane in Fig. 15 

is of this kind. 
Vertical, when parallel to V ot S. The H projector-plane in Fig. 

15 is of this kind. 
Inclined, when perpendicular to one reference plane only. The H 

projector-plane of Fig. 13 is of this kind. 
Obliqve, when not perpendicular to any reference plane. Planes 

of this kind will appear later on. 
The surface of the solid of Fig. 3 is composed of vertical, hori- 
zontal, and inclined planes (but no oblique plane). Its edges are 
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lines, parallel to the aiea of Z, Y and Z; and inelined lineB (be- 
cause parallel to S) ; but no oblique lines. 

20. The Point on a Oiren Line. — It is self-evident that if a. 
given point is on a given line, all the projections of the point must 
lie on the projections of the line. 

If the middle point of a line AB is projected, as C in Pig. 17, its 
projections C», C„, and C, bisect the projections of the line. The 
reason for this appears when we consider the true shape of the 




projector-planes, all tliree of which appear distorted in the per- 
spective drawing. Fig. 17, and which do not appear at all on the 
descriptive drawing, Fig, 18. In Fig. 17 AA\Bi£ is a quadri- 
lateral, having right angles at A\ and Bh, it is therefore a trape- 
zoid, CCd is parallel to AA% and BBx, and since it bisects AB at G, 
it must also bisect At,B\ at Ci,. The result of this is that in Fig. 
18, where the projections which do appear are of their true size,. 
C* bisects Ai,Bi, Cv bisects A^B^, and C, bisects A.B,. 

This principle applies to other points than the bisector. Since 
all H projectors are parallel to each other, if any point divides AB 
into unequal parts, the projections of the point will divide the 
projectors of AB in parts having the same ratio. A point one- 
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tenth of the dietance from A to B will, by its projections, mark 
off one-tenth of the diatance on AuBt,, AvBv, etc. 

The points illustrated in Figs. 17 and 13 are^ (3,3,1), 
B (5, 5, 5) and C {3^, 4, 3) . It will be noticed that the x coordi- 
nate of C is the mean of those of A and B, and the y and z coordi- 
natee of C also are the mean of the y and z coordinates of A and B. 

Unless all three of the projeetiona of a point fall on the pro- 
jections of a line, the point is not in the given line. If one of the 
projections of the point be on the corresponding projection of the 
line, one other projection of both point and line should be ex- 
amined. If in thia second projection it is found that the point 
does not lie on the line, it shows that the point in space lies in one 
of the projector-planes. 

Thus the point D in Fig, 18 has its V projection on A^Bv, but 
its H and S projections are not on AkBk and A,B,. D is not a 
point in the line AB but is on the V projector-plane of AB, as is 
clearly shown on Fig. 17. 

In the case illustrated, !)„ bisects BbCv The plotting of the V 
projection of a point Js governed only by its x and 3 coordinates. 
Dv bisects BvCv because its x and z coordinates are the means of 
the X and z coordinates of B and C. The y coordinate of D, how- 
ever, has no connection with the y coordinates of B and C. 

21. The Isometric Diagram. — A device to obtain some of the 
realistic appearance of a true perspective drawing without the 
excessive labor of its construction is known as " isometric " draw- 
ing. 

A full explanation of this kind of drawing will follow later, 
but for present purposes we may regard it as a simplified per- 
spective of a cube in about the position of that in Figs. 2, 6, 11, 
etc., but turned a little more to the left. Vertical lines are un- 
changed. Lines which are parallel to the axis of X, and which in 
the perspective drawing incline up to the left at various angles, are 
all made parallel and incline at 30° to the horizontal. In the- 
same way lines parallel to the axis of Y are drawn at 30° to the 
horizontal, inclining up to the right. 
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Fig. 19 BhowB the shape of a large cube divided into small unit 
cabea. In plotting pointa the aame scale is used in all three direc- 
tions, that is, for distances parallel to all three axes. Fig. 19a 
showB the point P (2,3,1) plotted in this manner, bo that the 
figure is equivalent to the true perspective drawing. Fig. 6. 

It is not intended that the student should make any true per- 
Bpective drawing vhile studying or reciting from this book. If any 
of the space diagrams here shown by true perspective drawings 




mnst be reproduced, the corresponding isometric drawing Ehould 
be substituted. 

For rapid sketch work, especially ruled paper, called " isometric 
paper," is very convenient. It has lines parallel to each of the 
three a:Ee9. With such paper it is easy to pick out lines corresppnd- 
ing to those of Fig. 19. 

An excellent exercise of this kind is to sketch on isometric 
paper the shaded solid shown in Fig. 2, taking the unit square of 
the paper for 1" and considering the solid to be cut from a 10" cube, 
the thickness of the walls left being 2", and the height of the tri- 
angular portion being 6". The' solid may be sketched in several 
positions. 
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Problems II. 
(For solution with vire-mesh cage, or crosa-Bection paper, or on 
blackboard.) 
15. A line connectB the points A {^%^S) and B (5, ia,fi). 
What are the coordinates of the point C, the center of- the line? 
What are the coordinates of D, a point on the line, one-tenth of 
the way from A ^ Bf 

Ifi. Same with points A (6, 6, 3) and B (6, 6, 12). 

17. Draw, the line AB whose extremities are A (3,7,4) and 
B (14,2,4). On what Yiew does its true length appear? What is 
this length? What are the coordinates of a point C on the line 
one-third of its length from A f 

18. With the same line A (8,7,4), B (14,2,4), state what is 
the tme shape of the H projector-plane. Give length of each edge 
and state what angles are right angles. Same for V projector- 
plane. 

19. Same as Problem 18, with line A (4, 2, 2), B (4, 11, 8) . 

20. With the line of Problem 19, state what is the true shape of 
the H and S projector-planes, giving length of each edge, and 
state which angles are right angles. 

21. Same as Problem 17, with line A (0, 4, 8), B (9, 4, 1). 

22. The H projection of C (8, 2, 6) lies on the H projection of 
the line A (10, 1, 9), B (3, 5, 2). Is the point on the line? . 

23. Same as Problem 22, with line A (2, 1, 8), B (8, 10, 5), and 
point C (4,4,7). 

24. A triangle is formed by joining the points A (6,3,1), 
B (10,3,10) and C (2,3,10). In what view or views does the 
tme length of AB appear? In what view or views does the tme 
length of BC appear? Mark the center of the triangle (one-third 
the distance from the center of the base BC to the vertes A) and 
give its coordinates. 

25. Same with points A (5, 9, 6), B (5, 3, 1) and C (5, 3, 11). 
2G. Same with points ^ (10,1,4), B (7, 10,4) and C (1,4,4). 
27. The V projections of the points A (8, 1, 2), B (10, 3, 8), 

C (4, 3, 10,) and D (2, 1, 4) form a square. Draw the projections 
and connect them point to point. What are the coordinates of the 
center where AO and SD intersect? 
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28. Plot the paraUelogram .i {11,3,3), 5 (3,3,3), (7,9,7), 
D (15, 9, 7). The diagonals interBect at E. Qire the coordinates 
of E. Describe the H projector-planea of AB, AC, and CD, giving 
the length of each end projector. Is the plane of the figure In- 
clined or ohiique? Ib AC an inclined or an oblique line? 

29. Plot the quadrilateral 

A (11,10,3), B (3,10,11), C (7,2,7), D (11,4,3). 

Is the plane of the figure horizontal, vertical, inclined or oblique? 

Ib the line AB horizontal, vertical, inclined or oblique? 

Is the line BC horizontal, vertical. Inclined or oblique? 

Ib the line CD horizontal, vertical, inclined or oblique? 

Is the line DA horizontal, vertical, inclined or oblique? 
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CHAPTER III. 
THE TB1TE LEBOTH OF A LINE IN SPACE. 

22. The Vat of an AnxilUry Plane of Projeotion. — ^To find the 
true length of a " line in space," or oblique straight line, an auiil- 
iaiy plane of projection is of great value, and iB constantly used 
in all branches of Engineering Drawing. 

A typical solution is shown by Figs. 20 and 21. The essential 
feature is the selection at a new plane of projection, called an 




auxiliary plane, and denoted by BJ, which must be parallel to the 
given line and easily revolved into coincidence with one of the 
regular planes of reference. 

This auxiliary plane is passed parallel to one of the projector- 
planes. In Fig. 20 the plane S' of the cube of planes has been 
replaced by a plane U, parallel to the H projector-plane, AAsBilB. 
Like that plane, \J is also perpendicular to H. "nd XM, the line 
of intersection of U and H. is parallel to AkBi,. The distance of 
the plane U from the projector-plane may be taken at will and 
in the practical work of drawing it is a matter of convenience, 
choice being governed by the desire to make the resulting figures 
clear and separated from each other. In Fig. SO the auxiliary 
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place U haa been eatablished by selecting a point Z in H for it 
to pass through. EJ ia an " inclined plane," not an " oblique plane." 

23. Tracei of the Anxiliary Plane U-— The auxiliary plan; U 
cuts the plane V in i* line A'^, parallel to the axis of Z. The 
lines of intersection of O with the reference planes^ are called the 
"traces" of U- Since there are three reference planes, there may 
be as many as three traces of \J. In the case illustcated in Fig. 20, 
there are, however, but two traces. I^nly one of these three' possible 
traces of U can be an inclined line. In Fig. 20 the trace XM alone 
is an " inclined " line. 

We shall see later that the auxiliary plane may be taken per- 
pendicular to V of to S as alternative methods. In every case 
there is but one inclined trace, that on the plane to which is 
perpendicular. It is this trace which has the greatest importance in 
the process. For the sake of uniformity, M and N will be assigned 
a» the symbols for marking the traces of an auxiliary plane of 
projection, 

QA. The U Projectors. — A new system of projectors, AA^, BB,, 
etc., project the line AB upon the plane U- These projectors, 
being perpendicular distances between a line and a plane parallel to 
it, are all equal, and the projector-plane 4A«S«B of Fig. 20 is in 
reality a rectangle. AvB„ is therefore equal in length to AB, or 
AB is projected upon U withont foreshortening. 

25. Sevelopment of the Aozillary Plane \J. — ^The descriptive 
drawing, Fig. 21, is the drawing of practical importance, which ia 
based on the perspective diagram. Fig. 20, which shows the mental 
conception of tlie process employed. In practical work, of course. 
Fig. 21 alone is drawn, and it is constructed by gemnetrical reason- 
ing deduced from the mental process exhibited by Fig. 80. 

In the process of flattening out or " developing " the planes of 
projection, U is generally considered as attached or hinged to the 
"inclined trace," XM in this example. In Fig. 21 U his been 
revolved about XM, bringing it into the plane of H. the trace XN 
having opened out to two lines. N Bepa"rates into two points and is 
marked A'u as a point in \J and N„ as a point in V> analogous to 
Yt, and Y, in the development of the reference planes. The space 
N^XNr, like YhOY,, may be considered as construction space. 
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26. Fourth Law of Projection — ^that for AnzUiary Plane, {J, — 
It will be seen from Fig. 20 that AA\eAp is a rectangle and that 
eAr is equal to AtA. On the descriptive drawing, Fig. 21, these 
two lines, eA, and eAk, form one line perpendicular to OX. This- 
is in accordance with the first law of projection of Art. H. 

As the plane \J is perpendicular to H we have the same rela- 
tion there, and AAiJcA», Fig. 20, is a rectangle. IcA, is therefore 
equal to Aj,A, and in the development^ Fig. 21, ^^ and kA* form 
one line A^kAk perpendicular to XM. 

If from A» and A^, Fig, 20, perpendiculars are let fall upon the ' 
intersection of \J and V (t^e trace XN) they will meet at the' 
common point I, both hAulX and XlA^e being rectangles. In the 
descriptive drawing. Fig. 21, 4«7 is perpendicular to XNu, Uv ia 
the are of a circle, center at X,- and Mi> is perpendicular to XNv 
The following law of projection governs the position of Au in 
the plane JJ: 

(4) From the regular projections of A draw perpeudiculara 
to the traces of U- These lines continued into the field 
of intersect at Au. One of these lines is carried across 
the construction space by the arc of a circle whose center 
is the meeting point of the traces of BJ. 

27. The Graphical Applioation of this Law to a Point. — The 
procedure for locating the projection A, on the descriptive drawing. 
Fig. 21, after the location of the plane U has been determined, is 
as follows: From the adjacent projections of the point draw lines 
perpendicular to the traces of the plane U. Continue one of these 
lines across the trace. Swing the foot of the other perpendicular 
to the duplicated trace, and continue it by a line perpendicular to 
this trace to meet the line first mentioned. Their intersection is 
the projection of the point on HJ. In Fig, 21, this requires A>,iAu 
to be drawn perpendicular to XM, and the line AJJuAm to be 
traced as shown. 

28. The Tme Length of a Line. — The procedure for finding the 
irue length of a line consists in first drawing. Fig. 21, a line paral- 
lel to one of the projections of the line to act as the trace of the 
auxiliary plane. Where this trace intersects an axis of projection 
perpendicular lines are erected, one perpendicular to the axis, one 



n,gt,7cdT:G00glc 



30 



Enoineebino Descriptive Geouetrt 



perpendicular to the trace. These lines are the two developed 
poeitions of the other trace of the plane U- Then locate the ei- 
tremitiea of the given line on the auxiliary plane U- The line 
joining the extremities is the required projection of the line on (Jt 
and ig equal in length to the given line. 

29. AltcmatiTe Method of Sevelopii^ the Aoziliary Plane, IJ. — 
A modification of this construction is shown In the descriptive 
drawing. Pig. 22, in which the plane U has been revolved about 
the vertical trace XN until it coincides with the plane V- ^^ 
separates into two lines, XM\ and XM^. it, of Fig. 20, becomes 
h], and its, and the space MuXMu is construction space. A is on 




'a horizontal line drawn through Av AiJci^ is perpendicular to XM^. 
kiJcu is the arc of a circle having X as & center, and k^a ia per- 
pendicular to XMn- Au ia thus located. 

This method of development of the planes is much leas common 
in practical drawing than the other, because, as a rule, it is less 
convenient than the first method. In euch cases as occur it offers 
no particular difficulty. Both Figs. 21 and 33 are solutions of 
the problem of finding the true length of the oblique line AB by 
projection on an auxiliary inclined plane, HJ. 

30. Alternative fositions of the Plane HJ. — ^We saw that the 

■ exact position of the plane Uj so ^ong as it remained perpendicular 

to H and parallel to AkB^, was left to choice governed by practical 
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oomiderationa. HJ itself, however, may be taken perpendicular to 
V and parallel to A^B^, or it may be taken perpendicular to S "id 
parallel to A,B,. To get an entire graap of tlie subject the student 
is advided to trace Fig. 31 on thin paper, or plot it on coordinate 
paper, points A. B, and X being (6,6,2), (10,10,8) and 
(11,0,0), and fold the figure into a paper box diagram, the con- 
etruction spaces NuXN, and Yt,OY, being creased in the middle 
and folded ont of the way. Fig, 23 will serve equally well. The 
final result will be a paper box exactly similar to Fig, SO. 

The variation in which U ^ perpendicular to V niay be plotted, 
passing the new inclined trace of (J (lettered YM) through the 
point (0, 0, 3) parallel to A^Bc. Fold this figure info a paper box, 
the paper being cut along a line Y2f perpendicular to YM. 

The other variation may be plotted with the inclined trace of U 
on &e plane S, parallel to AaBi and passing through the point 
(0,0,6) (f, of Pig. 21). Letter this trace YJd and diaw Y,N 
perpendicular to it, inclining up to the right The paper must be 
cut on this line to enable it to be properly folded. 

31. The Kethad Applied to a Plane Fifpire. — The special value 
of this use of the auxiliary plane is seen when one operation serves 
to give the true length of a number of lines at once, and thus 
shows a whole plane figure in its true shape. 

In Fig. 23 the polygon ABODE is shown by its projection, the 
point A alone being lettered. It is notic^ble that in V the edges 
all form one straight line. The V projector-planes of the various 
edges are therefore all parts of the same plane, and the polygon 
itself is a plane figure placed perpendicular to V- It may be said 
the polygon is " seen on edge " in V- 

An auxiliary plane \} has been taken parallel to the plane of the 
polygon, and therefore perpendicular to V- The trace XM being 
parallel to the V projections of the edges, this auxiliary plane serves 
to show the true length of all the edges at once. The projection on 
U is the true shape of the polygon ABODE. In the case illustrated, 
the U projection discloBes the fact that the polygon is a regular 
pentagon, a fact not realized from the regular projections, owing 
to the foreshortening to which they are subject. 
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This figure is well adapted to tracing and folding into a paper 
box diagram. 




PiO. 28. 

32. Tlie Tme Length of a Line by SeToMngr Abont a Projector. 
— A second method of finding the true length of a line seems in a 
way simpler, but proves to be of much less value in practical work. 
The method consists in supposing an oblique line AB to be revolved 
about a projector of some point in the line until it becomes parallel 
to one of the planeg of reference. In this new position it is pro- 
jected to the reference plane as of its tme length. 

In Fig. 24 the V projector-plane of the line AB has been shaded 
for emphasis {A is the point (1, 1, 5), and B is the point (5,4,2)). 
The projector AAv has been selected at will, and the V projector- 
plane {of which the line AB is one edge) has been rotated about 
AAv as an axis until it has come into the position AvB^v^A. In , 
its new position, AB' projects to H as ^iff*. This is the true 
length of the line. I>uring its rotation the point B has moved to 
B', but in BO doing it has not revolved about A as its center, but 
about the point 6 on AvA extended. 6.1« ia equal in lengtii to BBo- 
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Bi moves to E\, revolving about Av as a center. In Fig, 25, the 
corresponding descriptive drawing, the original projections are 
shown as full lines and the projections of the line after the rota- 
tion has occurred are ehown by long dashes. 

In V> A-tSv swings about A, as a pivot until in its new position 
At^t it is parallel to OX. In IM, B» moves in a line parallel to 
OX (since in Fig. 24 the motion of B takes place entirely in the 
plane of hBB', which is parallel to V)^ and as B'% must be verti- 
cally above B', the motion terminates where a line drawn vertically 




Fig. 34, 



up from B\ meets the horizontal line B^B'),. Joining A\ and B**, 
the new H projection is the true length of the given line". The S 
projection is of no interest in this case. The H «nd V projections 
of Fig. 35 show the graphical process corresponding to the theory 
of this rotation. In \, B„ moves to B'„, whence a .vertical pro- 
jector meeting a horizontal line of motion from S* determines ^n, 
the new position of B*. -4»B'» is the true length of the line. The 
arrow-heads on the broken lines make these steps clear. 

33. Tariations in the Method. — The method is subject to wide 
variatioiu. The same projector-plane AAvBvB, Fig, 84, revolving 
about the same projector AA„, might start in the opposite direction 
and swing to a position parallel to S- The graphical process of 
Fig. 25 would then confine itself to V and S instead of V and H- 
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In addition, the rotation might have been about BBc ae an azia 
or about the V projector of any point in AB or AB extended. 
Finally, the H projector-plane or the S projector-plane might 
have been selected and made to revolve into position. There are 
six distinct varieties of the process, each one subject to great modifi- 
cations. 

This method can be applied to a plane figure which appears " on 
edge" in one of the regular views. In Fig. 26 a. polygon lies in a 



plane perpendicular to V. There are two varieties of the process 
applicable in this case. Choosing the V projector of the point A 
for the axis of rotation, ^e whole polygon may be rotated up par- 
allel to ff, thence its true shape projected upon Hi or it may be 
revolved down until parallel, to §, thence its true shape projected 
upon S- Both methods are shown, though of course in practice one 
at a time should be enough. 

34. A Frojector-Flane Used aa an Anxiliar; Plane. — The two 
processes for finding the true length of a line differ in this respect. 
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In one the line is projected on a. plane which is revolved into 
coincidence with one of the reference planes, by revolving about 8 
line in that reference plane. In the second process, a projection 
plane is itself revolved about a projector, that is, about a line 
perpendicular to one reference plane, to a position parallel to a 
second reference plane. The line in its new position is projected 
on the latter plane. 

A method wliich is a modification of the first process is in many 
cases very simple. A projector-plane ia itself used as an auxiliary 
plane, and is revolved into coincidence with the plane to which it is 
perpendicular by rotation about its trace in that plane. In Fig, 83, 
for example, instead of passing XM parallel to A,^^ A^, wonld be 
extended to the ails of Z, and used itself for the inclined trace of 
the auxiliary plane, XN would be moved to the right and other 
Blight modifications made. 

As in the second method, a projector-plane is here rotated ; but 
it ia not rotated about a projector, but about a projection (its 
trace), and the real similarity of the process is with the first 
method, that of the anxiliary plane of projection. It is but a 
special case of this kind. 

In practical drawing, it rarely happens that one of the projector- 
planes can be thus used itself with advantage as an auxiliary plane 
of projection. It leads usually to an overlapping of views and it 
will not be found so useful as the more general method. 

For the continuation of this study, all these methods should be 
at the students' finger ends. 

35. Tlie True length of s Line by Constructing a B^ht Tri- 
angle.— These methods of finding the true length of a line are 
generally used for the true lengths of many lines in one operation, 
or for the true shape of a plane figure. When a single line is 
wanted, the construction of a right triangle from lines whose true 
lengths appear on the drawing is sometimes resorted to. In Fig. 34 
the triangle ABb is a right triangle, AB being the hypotenuse and 
AhB the right angle. In the descriptive drawing, Fig, 25, AoBa 
is equal in length to IB of Fig. 24, and AiJ> is easily found, equal 
to Ab of Fig, 24. These lines may he laid off at any convenient 
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place as the sides of a right triangle, and the hypotenuse measured 
to give the true length of AB. Mathematically the hypotenuse is 
the square root of the eum of the squares of the sides. In the case 
illuetrated A«Bn is 5 (itself the square root of A„c +'B^ , yr 
V3^+4* ) and A^h is 3. The length AB is therefore V5= + 3» 
= V34:=5.83. 

Problems m. 
{For use with wire-mesh cage, cross-section paper, or blackboard.) 

30. A square in a position similar to the pentagon of Fig. 
26 has the coraers A (10,12,8), B (2,12,8), C (2,2.8) and 
I> (10,3,2). Find its true shape by the use of an auxiliary plane. 

31. A square is in a position similar to the pentagon of Fig. 23. 
The Mmers are A (9,3,3), B (9,13,3), C (3, 13, 11), and 
7> (3, 3, 11). Find its true shape by revolving into a plane par- 
alel to H- 

32. Plot the triangle A (11, 3, 2), S (12, 6, 12), G (14, 13, 7). 
Find its true shape by the use of an auxiliary plane perpendicular 

toH. 

33. Plot the triangle A (13,15,8), B (10,11,0), C (7,7,8). 
Find the true shape of the triangle by revolving it about -4-4* 
until in a plane parallel to g. Find the true shape by projection. 
on a plane \], perpendicular to W, whose inclined trace passes 
through the point (16, 0, 0). (With the wire-mesh cage turn the 
plane g' to serve for this auxiliary plane U-) 

34. Same with triangle -4 (9, 7, S),J5 (12, 11, 13), C (15,15,8). 

35. Plot the right triangle A (14,4,3),B (14, 10, 3), C (6,4,9).' 
Revolve it about BBv into a plane parallel to fj and project its. 
true shape on H- (With the wire-mesh cage put markers at points 
A, B, C and C, the new position of C) 

36. Plot the right triangle A (9, 3, 6), B (9, 3, 0), (15, 11, 6). 
Eevolve it about AB until in a plane parallel to V *nd plot C, the 
new position of the vertex. Revolve it about the same axis into a 
plane parallel to Si and plot C", the new position of the verte^:. 
(With the wire-mesh cage put point markers at A, C, C and C".) 
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37. Plot the Equare A (14,8,2), B (ll,2,7i), C (ll,14,7i1, 
D (8, 8, 12%). The diagonal is IS units long. Revolve the square 
about AAv into a plane parallel to H; and project its true shape on 
H- (With the wire-mesh cage put point markers at A, B, C, D, 
B", C, and 2/.) 

SB.PIot the triangle A (13,3,14), B (3,3,14), l7 (7,7,2). 
Eevolve it about ^S into a plane parallel to \, and project the true 
shape oa V- (With the wire-mesh cage put markers at points 
A, B, C and C". On coordinate paper or blackboard show the true 
shape by projection on an auxiliary plane \} perpendicular to Si 
through the point (0, 8, 0).) 

(For use on coordinate paper or blackboard, not Tire-mesh cage.) 

39. The triangle A (3,7,11), B (13,2,13), C (5,2,1) is a 
triangle in an oblique plane. Find its true shape as follows : Bd 
appears at its true length in V- Draw AsD„ perpendicular to BeCt. 
AD is an oblique line, but it is perpendicular to BG since its V 
projector-plane AAjyj) is perpendicular to BC. Find the true 
length of AD by any method. On V extend A„De to Ee, making 
DrEv equal to the true length of AD. EvB^Cv is the true shape of 
the triangle ABC. 
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CHAPTER IV. • 

PLANE SUBPACES AND THEIK INTEBSECTIOHS AlTD 

SEVELOPHENTS. 

36. The Omisnon of tlie Subscripts, k, v, and s — In a descriptive 
drawing a point does not itself appear but is represented by its 
projections on the reference planes. This fact baa been emphasized 
in the previous chapters. In the more complicated drawings which 
now follow it will saTe time and will prevent overloading the figures 
with lettering, to omit the Bubscripts h, v, and s, and to refer to a 
point and its projections by the same letter. Thus " Av " or " the 
point A in V " are expressions which call attention to the projec- 
tion of A on Vj hut a diagram will show only the letter A at that 
place. If at any time it is necessary to be more precise the sub- 
scripts may be restored. They should be used if any confusion is 
caused by their omission. 

If the projections of two points coincide, it is sometimes advis- 
able to indicate which point is behind the other in tJiat view by 
forming the letter of fine dots. Referring back to Fig. 16, the 
projections of A and B c-n g coincide. On this system subscripts 
are omitted and the letter B (on S only) is formed of dots, 
as in Fig. 27. 

37. Intersecting Plane Faces. — Many pieces of machines and 
structures which form the subjects of mechanical drawings, are 
pieces al! of whose surfaces are portions of planes, each portion or 
face having a polygonal outline. 

In making such drawings there arise problems ai" to the exact 
points and lines of intersection, which can be solved by applying 
the laws of projection treated of in the preceding chapters. How 
these intersections are determined from the usual data will now 
he shown. 

38. A Pyramid Cut by a Plane. — As a simple eaample let us 
suppose that it is required to find where a plane perpendicular to 
Vj and inclined at an angle of 30° with H, intersects an hei- 
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agonal pyramid with axis perpendicular to M- Fig- 37 is the 
drawing of the pyramid, having the baae ABCDEF and vertex P. 
The cutting plane is an inclined plane euch as we have used for an 
auxiliary plane, and ita traces are therefore similar to those of an 
auxiliary plane, KL ia the inclined trace on V and KK' and LL' 
are the traces parallel to the axis of Y. The problem is to find the 
shape of the polygonal intersection abcdef in H and Si and ita 
true shape. 




The method of solution of all such problems is to take into con- 
sideration each edge of the pyramid in turn, and to trace iiie points 
where they pierce the plane. Thus, the edge PA pierces the given 
plane at a, whose projection on V is first located; for the given 
plane is seen on edge in V> and PA cannot pierce the plane at any 
other point consistent with that condition, a, once located in Vj 
can be projected horizontally to the line PA in S f^^ vertically to 
PA in H. 

The true shape of the polygon abcdef may he shown on an aux- 
iliary plane, U. whose traces are ZM and ZN. In Fig. 27 the 
projection of the pyramid on \] is incomplete. As it is only to 
show the polygon abcdef the rest of the figure is omitted. 
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39. Intersecting Priimi. — As an example of somewhat greater 
difficulty let it be required to find the interscGtion of two prisma, 
one, the larger, having a pentagonal base, parallel to H ; and the 
other a triangular base, parallel to S- The axea intersect at right 
angles, and the smaller prism pierces the larger. . 



^- 




«!— 1— ^ 
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The known elements or data o( the problem are shown recorded 
as a descriptive drawing in Fig, 28. It shows the projection of 
tiie pentagon on |H1> of the triangle on g? aD<l of the axes on V- 
The problem is to complete the drawing to the condition of Fig. 
39, shown on a larger scale. The comers of the pentagonal prism 
are ABCDEf' and A'RC'D'E'f and its axis is PP'. The corners 
of the triangular prism are FGH and F'G'H' and its axis is QQ'. 

40. Points of Intersection. — The general course in solving the 
problem of the intersection of the prisms is to consider each edge 
of each prism in turn, and to trace out where each edge pierces the 
various plane faces of the other prism. When all such points of 
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intersection have been determined, they are joined by lines to give 
the complete line of intersection of the prisms. 

To determine where a given edge of one prism cuts a given plane 
face of the other prism, that view in which the given plane face is 
seen as a line only, or is " eeen on edge," as is aaid, must he re- 
ferred to. Taking the hexagonal prism first, the edges AA', CC, 
and Diy entirely clear the triangular prism, as is disclosed by the 
plan view on H where they appear " on end " or as single points 
only. They, therefore, have no points of intersection with the 
triangular prism and in V and S these lines may he drawn as 
nnintemipted lines, being made full or broken according to the 
rule at the end of Art, 5, BB', as may be seen in H, meets the 
email prism. This line when drawn in S> where the plane faces 
FFG'O and FFE'E are seen on edge, meets those faces at 6 and 
V. From S these points are projected to V- The edge BW con- 
sists really of two parte, Bh and &'B'. EE' meets the same two 
faces at points e and e' determined in the same way. 

FF, when drawn in H, is seen to pierce the plane face AA'WB 
at f and AA'E'E at f. These points, located in Hj are projected 
vertically down to V. QQ' in H pierces BFC'C at g, and EE'ITD 
at g'. h and h' on the line HH' are similarly determined first in 
H and are projected down to V- 
- 41. Lines of Intersection. — Having found the points of inter- 
section of the edges, we determine the lines of intersection of the 
plane surfaces by considering the intersections of plane with plane, 
instead of line with plane. BB" is one line of the plane AA'B'B, 
and pierces the plane FF'0'0 (seen on edge in S) at 6. h is there- 
fore a point of both planM. FF is a line of the plane FFG'O, and 
it pierces the plane AA'B'B (seen on edge in H) at /. f is also a 
point common to both planes. Since these two points are in both 
planes, they are points on the line of intersection of the two planes. 
We therefore connect b and / by a straight line in V, but do not 
extend it beyond either point because the planes are themselves 
limited. 

By the same kind of reasoning 6 and ff are found to be points 
common to BB'C'O and FFO'G, and are therefore joined by a 
straight line, bg in V- gh also is the line of intersection of two 
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planes, and the student should follow for himself the full process 
of reasoning which proves it, e, f, and g" are points similar to b, f, 
and g. Since the original statement required the triangular prism 
to pierce the pentagonal one, gg', ff, and hh' are joined by broken 
lines representing the concealed portions of the edges QG', Ff, and 
HH' of the small prism. Had it been stated that the object was 
one solid piece instead of two pieces, these lines would not exist on 
the deacriptive drawing, 

42. Um of ftn Anziliar; Plane of Projection. — To find the inter- 
section of solids composed of plane faces, it Is essential to hare 



Fig. 30. 



views in which the various plane faces are seen on edge. To obtain 
such views, an auxiliary plane of projection is often needed. 

Pig. 30 shows the data of a problem which requires the auxiliary 
view on U ill order to show tiie side planes of the triangular prism 
" on edge." (These planes are oblique, not inclined, and therefore 
do not appear " on edge " on any reference plane.) Fig, 31 shows 
the complete solution, the object drawn being one solid piece and 
not one prism piercing another prism, h and d are located by the 
use of tiie view on HJ- 1° this case and in many similar cases in 
practical drawing, the complete view on U need not be constructed. 
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The ■use of U is only to give the position of b and d, whicH are then 
projected to V- The construction on HJ of the square ends of the 
square prism are quite Buperfluoua, and would be omitted in prac- 
tice. In fact, the view IJ would be only partially conatructed in 
pencil, and would not appear on the finished drawing in ink. 

After the method is well understood, there will be no uncertainty 
as to bow much to omit. 

4S. A Crov-Sectton. — In practical drawing it often occurs that 
useful information about a piece can be given by imagining it cat 
hy a plane surface, and the shape of this plane intersection drawn. 
In machine drawing, such a section showing only the mat^al 
actually cut by the plane and nothing beyond, is called a " cro»- 
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BBction.** In other branches of drawing other names for the same 
kind of a section are used. The " contour lines " of a map are of 
this nature, as well aa the "water lines" of a hull drawing in 
Naval Architecture. 

44. Sectional Views. — ^The cross-section is used freely in ma- 
chinery drawing, but a " sectional view," which is a view of a cross- 
section, with all those parts of the piece which lie beyond the plane 
of the section as well, is much more commoo. 

These sectional views are sometimes made additional to the 
T^nlar views, but often replace them to some extent. Fig. 32 is a 
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good example. It represents a cast-iron structural piece shown by 
plan, and two sectional views. The laws of projection are not 
altered, but the views bear no relation to each other in one respect. 
One view is of the whole piece, one is of half the piece, and one is 
of three-quarters of it. The amount of the object imagined to be 
cnt away and discarded in each view is a matter of independent 
choice. 

In the example the projection on V is a view of half of the 
piece, imagining it to have been cut on a plane shown in H by the 
line mn. The half between mn and OX has been discarded, and the 
drawing shows the far half. The actual section, the cross-section 
on the line mn, is an imaginary surface, not a true surface of the 
object, and it is made distinctive by "hatching." This hatching 
ia a conventional grouping of lines which show also the material 
of which the piece is formed. For this subject, consult tables of 
standards as given in works on" Mechanical Drawing. This pro- 
jection on V is not called a " Front Elevation," but a " Front Ele- 
vation in Section," or a " Section on the Front Elevation," 

The new projected on S ia called a " Side Elevation, Half in 
Section," or a " Half-Section on the Side Elevation." Since a 
section generally means a sectional view of the object with half 
removed, a half-section means a view of the object with one-qvarter 
removed. If, in H, the object is cut by a plane whose trace is np 
and another whose trace is pq, and the N. E. comer of the object 
is removed, it will correspond to the condition of the object as seen 
inS- 

Sections are usually made on the center lines, or rather on central 
planes of the object. When strengthening ribs or " webs " are seen 
in machine parts, it is usual to take the plane of the section just 
in front of the rib rather than to cut a rib or web which lies on the 
centra] plane itself. This position of the imaginary saw-cut is 
selected rather than the adjacent center line. 

When the plane of a section is not on a center line, or adjacent 
to one, its exact location should be marked in one of the views in 
which it appears "on edge," and reference letters put at the ex- 
tremities. The section is then called the " section on the line mn." 
, The passing of these section planes causes problems in intersec- 
tion to arise, which are similar to those treated in Articles 37-48. 
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49. DeTelopment of ft Prism.— It is often desired to show the 
true shape of all the plane faces of a solid object in one view, 
keeping the adjacent faces ia contact as much as possible. This 
is called developing the surface on a plane, and is particularly 
nseful for all objects made of sheet-metal, as the development forms 
a pattern for cutting the metal, which then requires only to be bent 
into shape and the edges to be joined or soldered. 




Development is a process already applied to the planes of pro- 
jection themselves when these plants were revolved about axes until 
all coincided in one plane. The same operation applied to the 
surfaces of the solid itself produces the development. 

The two prisma of Fig. 29 afford good subjects for development. 
Fig. 33 shows the developed surface of the triangular priam, the 
lines g-g and g'-g' showing the lines of intersection with the other 
prism. In this figure it is considered that the surface of the 
triangular prism is cut along the lines OQ', OF, Q'F", QH, and 
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O'lT; and the fotir onter planes unfolded, using the lines bound- 
ing FFH'H as axes, until the entire surface is fiatteoed out on tiie 
plane of FFH'H. 

Fig, 34 shows the derelopment of the large prism of Fig. 29, 
■with the holes where the triangular prism pierces it when the two 
are assembled. The surface of the prism is cut on the line AA', 
and on other lines as needed, and the surfaces are flattened out by 
unfolding on the edges not cut. 

The construction of these developments is simple, since the sur- 
faces are all triangles or pentagons whose true shapes are given; 
or are rectangles, the true length of whose edges are already known, 
. In Fig. 33 the distances Qg, G'/, Ff, F'f are taken directly 
from V in Fig. 29. The points b and e are plotted as follows: 
The perpendicular distance bl to the-line OF is taken from V) 
Fig, 29, and 01 ia taken from Gl in S, Fig, 29, The other points 
are plotted in the same manner. 

46. Development of a Pyramid. — Fig. 35 shows the development 
of the point of the pyramid. Fig. 37, cut off by the intersecting 




plane whose trace is KL. The base is taken from the projection 
on Uf where its true shape is given. Each slant side must have its 
true shape determined, either as a whole plane figure (Art 31), 
or by having all three edges separately determined (Art, 28 or 
Art. 33). In this case Pa and Pd are shown in true length in V> 
Fig. 27, and it is only neceasary to determine the true lengths of 
Pb and Pc (or their equivalents Pf and Pe) to have at hand all the 
data foj laying out the development. The face Pef may be con- 
veniently shown in its true shape on an auxiliary plane W) Fig, 27, 
perpendicular to S aod cutting S in a trace Y,N as shown. 
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(For use with wire-mesh cage, or on cross-section paper or 
blackboard.) 

40. Plot the projectlona of the points A {9, 3, 16), B (6, 3, 16), 
C (6,8,16), O (9, 8, 16), and ^ (0,3,4), P (0,3,8), Q (0,8,8), 
E (0,8,4). Join the projections, A io E, B to F, C io G, etc. 
(With the wire-mesh cage use stiff wire to represent the lines AE, 
BF, etc.) Show how to find the true shape of every plane surface 
of the solid (a prism) thus formed. On cross-section paper or on 
blackboard show how to draw the development of the surface of 
the solid. 

41. Same as Problem 40, with points A (10, 8, 0), B (8, 10, 0), 
C (12,14,0),Z> (14,13,0) on H and ^ (10, 8,16), P (6,13,16), 
(8, 14, 16), H (13, 10, 16) on ff'. (In developing the surface, 
find the true shape of the quadrilateral BFQC by dividing it into 
two triangles by a diagonal B6 whose true length will appear on S- 
Divide GQHD by the diagonal CM.) 

43. Draw the tetrahedron whose four comerB are A (16,2,13), 
B (6,3,13), C (11,14,13) andP (11,7.1). It is intersected by 
a plane perpendicular to V cutting V in a trace passing through 
the origin, making an angle of 30° with OX, Draw the trace of 
the plane on V- Where are its traces on H and S ? Show the H 
and S projections of the intersection of the plane and tetrahedron. 

43. A solid is in the form of a pyramid whose base is a square of 
10 units, and whose height ia 8 units. The comers are A (16,3, 10), 
B (10,2,2), (2,3,8) and D (8,2,16) and the vertex 
E (9,10,9). It is intersected by a plnne perpendicular to H> 
whose trace on H passes through the origin making an angle of 
30° with OX. Draw the V and g projections of the intersection 
of the pyramid and plane. Where is the trace of the cutting plane 
on V? 

44. A plane H' is parallel to H at a distance of 16 units. .4 
square prism has its base in H- The comers are A (8,2,0), 
B (3,7,0), C (8, 13, 0),ZJ (13,7,0). Its other base is in H', the 
comers A', B', etc., having the same x and y coordinates aa above, 
and the z coordinates 16. 
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A plane S' is parallel fo S ^t a distance of 16. A triangular prism 
has ita baae in S, points E (0, 5, 8), F {0, 13, 2), G (0, 13, 14) ; 
and ita other base in g', points E', F, 0' having x coordinates 16, 
and y and 2 coordinates unchanged. Make the drawing of the In- 
tersecting prisms considering the triangular prism to be solid and 
parts of the square prism cut away to permit the triangular one to 
pass through. 

(For use on cross-section paper or blackboard, not wire-mesh 
cage.) 

45. A sheet-iron coal chute connects a square port, A (2,4,2), 
B (2,ri,2), C (2,12,10), D (2,4,10), with a square hatch, 
E (14, 6,16), F (14,10,16), (10, 10,16), ff (10,6,16). The 
corners form lines AE, BF. CO, DS and the aide plates are bent 
on the lines AR and BO. Draw the development of the surface. 

46. Draw the development of the tetraliedron of Problem 43 
with the line of intersection marked on it. 

47; Draw the development of the pyramid of Problem 43 with 
the line of intersection marked on it, 

48. Draw the development of the square prism of Problem 44 
with the line of intersection marked on it, 

49. Draw the development of the triangular prism of Problem 
44 with the line of intersection marked on it. 
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CURTES UNES. 

47. The Siiupleat Plane Curve, tlie Circle. — The geometrical 
natures of the common curves are supposed to be understood. De- 
ecriptive Geometry treats of the nature of their orthographic pro- 
jections. The curves now considered are plane curves, that is, 
every point of the curve lies in the same plane. It is natural, 
therefore, that the relation of the plane of the curve to the plane of 
projection governs the nature of the proiection. 



i 


1 


Plont 


^^ 


-^ 





The simplest plane curve is a circle. Figs. 36 and 37 show the 
tiiree forms in which it projects upon a plane. In Fig. 36, a per- 
spective drawing, we have a circle projected upon a parallel plane 
of projection (that in the position customary for V)- The pro- 
jectors are of equal length and the projection is itself a circle ex- 
actly equal to the given circle. 

On a second plane of projection (that in the position of S) per- 
pendicular to the plane of the circle the projection is a straight 
line equal in length to the diameter of the circle, AC. The pro- 
jectors for this second plane of projection form a projector-plane. 
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In Fif. 37 the circle is in a plane incHned at an angle to the 
plane of projection. The projectors are of varying lengths. There 
mmt be one diameter of the circle, however, that marked AC, 
which is parallel to the plane of projection. The projectors from 
these points are of equal length, and the diameter AC appears of 
its true leng& on the projection aa AtCt,. 

The diameter BD at right angles to AC, has at its extremity B 
the shortest projector, and at the extremity D the longest projector. 
On the projection, BD appears greatly foreshortened as BvD^, 
though still at right qn^es to the projection of AC and bisected 
by it. : T{ 




The true shape of the projection is an ellipse, of which A^Cv is 
the major axis and BJ), ia the minor axis. No matter at what 
angle the plane of projection lies, the projection of a circle is an 
ellipse whose major axis is equal to the diameter of the circle. 

For convenience the two planes of projection in Fig. 36 have 
been considered as V mi"! Sj aiid the projections lettered accord- 
ingly. The plane of projection in Fig. 37 has been treated as if 
it were V. ^^^ the ellipse bo lettered. It must be remembered that 
the three forms in which the circle projects upon a plane, as a 
circle, aa a line, and as an ellipse, cover all possible cases, and the 
relations between the plane of the circle and the plane of projec- 
tion shown in the two figures are intended to be perfectly general 
and not confined to V and g alone. 
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48. The Circle in a Horizontal or Vertical Plane. — Paasing now 
to the descriptive drawing of a circle, the simplest case is that ol 
a circle which lies in a plane parallel to M) V or g. The projec- 
tions are then of the kind shown in Fig, 36, two projections being 
lines and one the true shape of the circla Fig, 38 ^owa the case 
for a circle lying in a horizontal plane. The true shape appeare in 
H. The V projection shows the diameter AG, the S projection 
shows the diameter BD. 




49. The Circle in an Xnclined Plane. — Fig. 39 shows the circle 
lying in an inclined plane, perpendicular to Vi and making an 
angle of 60° with H- The V projectors, lying in the plane of the 
circle itself, form a projector-plane and the V projection is a 
straight line equal to a diameter of the circle. Ae the plane of the 
circle is oblique to H and g, these projections on H a^id S are 
ellipses whose major axes are equal to the diameter of the circle. 
Of course, for any point of the curve, as P. tho laws of projection 
hold, aa b indicated. The tme shape of the curve can be shown by 
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projection on any plane parallel to the plane of the circle. It ia 
here shown on the auxiliary plane U. taken as required. If the 
drawing were presented with projections f\, V and S, as shown, 
one might at first suspect that it represented an ellipse and not a 
circle ; but, if a number of points were plotted on (Ji the eiistence 
of a center 0' could be proved by actual test with the dividers. 

50. The Circle in an Oblique Plane. — ^When a circle is in an 
oblique plane, all three projections are ellipses, as in Fig. 40. The 
noticeable feature is that the three major axes are all equal in 
length. 



^3 



O 



I T. 



V 



When an ellipse is in an oblique plane, ita three projections are 
also ellipses, but the major axes will be of unequal lengths. The 
proof of this fact must be left until later. The fact that the three 
projections have their major axes equal must be taken at present aa 
sufficient evidence that the curve itself is a circle. 

51. The ElUpae: Approximate Bepreaentation. — The ellipse is 
little used aa a shape for machine parts. It appears in drawings 
chiefly as the projection of a circle. Some properties of ellipses 
are very useful and should be studied for the sake of reducing the 
labor of executing drawings in which ellipses appear. 

An approximation to a true ellipse by circular arcs, known as the 
" draftsman's ellipse," may be constructed when the major axis Za 
and the minor axis St, Fig. 41, of an ellipse are known. 
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The Bteps in the process are shown in Fig. 41. The center of the 
ellipse is at 0. The major axis is AC, equal to 3a. The minor 
axis is DB, equal to 26. From C, one end of the major axis, lay . 
off CE, equal to b. The point S is at a distance equal to a—b from 
and at a distance equal to 2a— b from A. This last distance is 
the radivs of a circular arc which is used to approximate to the 
flat sides of the ellipse. It may be called the " side arc." Setting 
the compass to the distance AE and using I) and B as centers, 
points H and G are marked on the minor axis, extended, for use 
aa centers for the " side ares/' These arcs are now dra 
through the points D and B), as shown in the 3nd stage of t 
process. 




(st-Sf-^ge 2nd Stage Jrd Sfaqe 

THE " DRAFTSMAN'S ELLIPSE." 
Fio. 41. 

By use of the bow spacer, the distance OE is bisected and the 
half added to itself, giving the point J" (distant | {a—b) from 0). 
F is the center of a circular arc which approximates to the end of 
the true ellipse. With F as center, and FC as radius, describe this 
arc. If this work is accurate, this " end arc " will prove to be 
tangent to the side arcs already drawn, as shown in the 3rd stage 
of the process. If desired, the exact point of tangency of the two 
arcs, K, may be found by joining the centers H and F and extend- 
ing the line to K. F is swung about as center by compass or 
dividers to F", for the center of the other "end arc." In inking 
such an ellipse, the arcs must be terminated exactly at the points 
of tangency, E and the three similar points. 

This method is remarkably accurate for ellipses whose minor 
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asee are at least two-thirds the length of their major axes. It 
should always be used for such wide ellipses, and if the character 
of the drawing does not require great accuracy, it may be used 
even when the minor axis is but half the length of the major axis. 
For all narrow ellipses, exact methods of plotting should be used. 
52. Tbe Ellipie: Exact Bepiesentation. — The true and accurate 
methods of plotting an ellipse are shown in Figs. 42, 43, and 44. 
Fig. 42 is a convenient method when the major axis AC and minor 
axis BD are given, bisecting each other at 0. Describe circles with 
centers at 0, and with diameters equal to AC and BD. From 
draw any radial line. From the point where this radial line meets 
the larger circle draw a vertical line, and from the point where it 
cuts the Bmaller circle draw a horizontal line:. Where these lines 




meet at P is located a point on the ellipse. By passing a large 
number of such radial lines sufficient points may be found between 
D and C to fully determine the quadrant of the ellipse. Having 
detennined one quadrant, it is generally possible to transfer the 
curve by the pearwood curves with less labor than to plot each 
quadrant. 

With the same data a second methoi Fig. 43, is more convenient 
for work on a large scale when the T-square, beam compaas, etc., 
are not available. 

Construct a rectangle using the given major and minor axes as 
center lines. Divide DE into any number of equal parts (as here 
shown, 4 parts), and join these points of division with C. Divide 
DO into the same number of equal parts {here, 4). From A 
draw lines through these last points of division, extending them to 
the first system of lines intersecting the first of the one system with 
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the first of the other, the second with the Becond, etc. These inter- 
eectioiifl, 1, 2, 3, are points on the ellipse. 

The third method, an e3t«nsion or generalization of the second, is 
■rory useful when an ellipse is to be inscribed in a parallelogram, the 
major and minor axes being nnknown in direction and magnitude. 
Lettering the parallelogram A'B'CD' in a manner similar to the 
lettering in Fig. 43, the method is exactly the same as before, D'E' 
and D'O being divided into an equal number of parts and the lines 
drawn from C and A'. The actnal major and minor axes, indicated 
in the figure, are not determined in any manner by this process. 

SS. da Helix.— The curve in space (not a plane curve) which 
is moat commonly used in machinery, la the helix. This curve is 
described by a point revolving uniformly about an axis and at tiie 
sane time moving uniformly in the direction of that axis. It is 
popularly called a " cork-screw " curve, or " flcrew thread," or even, 
quite incorrectly, a " spiral." 

The helix lies entirely on the surface of a cylinder, the radius of 
the cylinder being the distance of the point from the axis of rota- 
tion, and the axis of th? cylinder the given direction. 

Fig. 45 represents a cylinder on the surface of which a moving 
point has described a, helix. Starting at the top of the cylinder, at 
the point marked 0, the point has moved uniformly completely 
around the cylinder at the same time that it has moved the length 
of the cylinder at a uniform rate. The x;ircumference of the top 
circle of the cylinder has been divided into twelve equal parts by 
radii at angles of 30°, the apparent inequality of the angles being due 
to the perspective of the drawing. The points of division are marked 
from to 11, point 13 not being numbered, as it coincides with 
point 0. The length of thp cylinder is divided into twelve equal 
parts on the vertical line showing the numbers from to 13, and 
at each point of division a circle, parallel to the top base, is de- 
scribed about the cylinder. The helix is the curve shown by a 
heavy line. From point 0, which is the zero point of both move- 
ments, the first twelfth part of the motion carriea the point from 
to 1 around the circumference, and from to 1 axially downward, 
at the same time. The true movement is diagonally across the 
curved rectangle to the point marked 1 on the helix. This move- 
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ment is continued step by step to tl;e points 3, 3, etc. In the posi- 
tion chosen in Fig. 45, points 0, 1, 2, 3, 4, 13 are in full view, 
points 5 and 11 are on the extreme edges, and the intermediate 




" points (from C to 10) are on the far side of the cylinder. The 
construction lines for these latter points have been omitted, in order 
to keep the figure clear. 
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54.' Projections of the Helix. — ^The projection of this curve on a 
plane parallel to the axis of the cylinder is shown to the left. The 
circles described about the cylinder become equidistant parallel 

straight lines. The axial lines remain straight but are no longer 
equally spaced, and the curve is a kind of contuiDous diagonal to 
the small rectangles formed by these lines on the plane of projec- 
tion. 

The projection of the helix on any plane perpendicular to the 
axis of the cylinder is a circle coinciding with the projection of the 
cylinder itself. The top base is such a plane and on it the projec- 
tion of the helix coincides with the circumference of the base. 

65. Descriptive Braving of the Helix. — The typical descriptive 
drawing of a helix is shown in Fig, 46. Therfxis of the cylinder is 
perpendicular to H, and the top base is parallel to H- The helix 
in H appears as a circle. In V-it appears as on the plane of pro- 
jection in Fig, 45, but this view is no longer seen obliquely as is 
there represented. 

This V projection of the helix is a plane curve of such import- 
ance as to receive a separate name. It is called the " sinusoid." 
Since the motion of the describing point is not limited to one com- 
plete revolution, it may continue indefinitely. The part drawn is 
one complete portion and any addition ia but the repetition of the 
aame moved along the axial length of the curve. The proportions 
of the curve may vary between wide limits depending on the rela- 
tive size of the radius of the cylinder to the axial movement for one 
revolution. This axial distance is known as the "pitch" of the 
helix. 

In Fig. 46 the pitch is about three timeg the radius of the helix. 
In Fig, 47, a shorUpitch helix ia represented, the pitch being about 
f the radius, and a number of complete rotations being shown. 

The proportions of the helix depends therefore on the radius and 
on the pitch. To execute a drawing, such as Fig. 46, describe first 
the view of the helix which is a circle. Divide the circumference 
into any number of equal parts (13 or 24 usually). From these 
points of division project lines to the other view or views. Divide 
the pitch into the same number of equal parts, and draw lines per- 
pendicular to those already drawn. Pass a smooth curve through 
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the points of intersection of these lines, forming the continuous 
diagonal. In Pigs. 45 and 46 the helix is a " righ4>hand helix." 
The upper part of Fig, 47 shows a left-hand helix, the motion of 
rotation being revereed, or from 12 to 11 to lOj etc. The ordinary 




Pio. 46. FiQ. 17. 

screw thread used in machinery is a very short-pitched right-hand 
helix. It is bo short indeed that it is customary to represent the 
curve by a straight line passing through those points which would 
be given if the construction were reduced to dividing the circum- 
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ferwice and the piteh into 3 equal parts. This is shown in the 
lower part of Fig. 47, where only the poinU 0, 6 and 12 have beea 
need. 

The concealed portion of the helix is then omitted entirely, no 
broken line for the hidden part being allowed by good practice. 

66. The dured Line in Space. — A curve in ^ace may eome- 
times be required, one which follows no known mathematical law, 
bat which paases through certain pointa given by their coordinates. 
For example, in Fig. 48, four pointe, A (12,1,9), B (5,4,6), 




riQ. 48. 

C (2,4,4) and D (2,5,1), were taken as given and a "fimooth 
carve," the most oatural and easy curve possible, has been passed 
through them. It is fairly easy to pass eniooth curves through the 
projections of the 4 points on each reference plane, but it is essen- 
tial that not only should the original points obey the laws of pro- 
jection of Art. 11, but every intermediate point as well. The 
views must check therefore point by point and the process of trac- 
ing the curve must be carried out about as follows: The projec- 
tions of the 4 points on V and S are seen to be more evenly ex- 
tended than those on fi, and smooth curves are made to pass 
through them by careful fitting with the draftsman's curves. The 
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view oo fi cannot now be put in at random, bnt must be conetmcted 
to correspond to the other views. To fill in the wide gap between 
Ak and B^ an iotennediate point is taken, as E, on AvBc. By a 
horizontal line Et is d^ned. From Ev and E, the ff projection 
(£») is plotted by the regular method of checking the projectiona 
of a point. As many such intennediate points may be taken as may 
seem necessary in each case. 

To define the sharp tnm on the cnrve between C^ and Dk, one 
or more extra points, as P», should be plotted from the V and S 
projections. Thus every poorly defined part is made definite and 
the views of the line mntnally check. The work of " laying out " 
the lines of a ship on the " mold-loft floor " of a shipbuilding plant 
is of tills kind, with the exception that the curves are chiefly plane 
curves, not curves in space. 

Problemi T. 
(For blackboard or croas-section paper.) 

50. Make the descriptive drawing of a circle lying in a plane 
parallel to S, center at C (3, 6, 7) and radius 5. 

51. Make the descriptive drawing of a circle lying in a plane 
perpendicular to V ^nd making an angle of 45° with H {the trace 
in V passing through the points (18,0,0), and (0,0,18)). The 
center of the circle is at C (9, 6, 9), and the radius is 5. (Make 
the V projection first, then a projection on an auxiliary plane HJ. 
From these views construct the H and g projections, using 8 or 9 
points. 

52. Itlake the descriptive drawing of a circle in a plane perpen- 
dicular to H, iJie trace in H passing through the points (13, 0, 0) 
and (0,16,0). The center is at (6,8,10) and the radius is 8. 
(Draw the plan and an auxiliar}- view showing true shape first, and 
from those views construct the projections on V ^nd S-) 

53. An ellipse lies in a plane passing through the axis of Y and 
making angles of 45° with H and S- The ff projection is a circle, 
center at (10, 10, 0) and radius 8. Prove that the S projection is 
also a circle and find the true shape of the ellipse by revolving the 
plane of the ellipse into the plane H- 
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54. An ellipse lies in a plane passing throngh the axiB of Y and 
making an angle of 60° with H and 30° with S- The H projec- 
tion is a circle, center at {8, 8, 0), radius 6, Find the true shape 
of the ellipse. CoDBtruct the view on S by projecting points for the 
center and for the extremities of the axes of the ellipse. Pass a 
draftsman's ellipse through those points. Show that no appreci- 
able error can be observed. 

55. Construct a draiteman's ellipse, on accurate cross-section or 
coordinate paper, with major axis 34 units, and minor axis IS units: 
Perform the accurate plotting of the true ellipse on the same axes, 
one quadrant by the method of Fig. 42 and one by the method of 
Fig. 43, using 6 divisions for DE and OD. Note the degree of 
accuracy of the approximate process. 

56. On coordinate paper, plot an ellipse by the method of Pig. 
43, the major axis being 16 units long and the minor axis 8 units. 
Plot another ellipse whose major axis ie 16 and whose minor axis 
is 13, (To divide the semi-minor axis of 6 units into 4 equal parts, 
nee points of division on the vertical line CE instead of OD. CE 
being twice as far from A as OD, 12 units must be used for the 
whole length, and these divided into 4 parts.) 

57. On isometric paper pick out a rhombus like the top of Fig. 
19, but having 8 units on each side. Inscribe an ellipse by plotting 
by the method of Fig. 44. 

58. Make the descriptive drawing of a helix whose axis is per- 
pendicular to S through the point (0,7,7). The pitch of the 
helix is 12, and the initial point is (2, 7, 3). Draw the H and V 
projections of a right-hand helix, numbering the points in logical 
order, 

59. Connect the 4 points A (10, 8, 10), B (8, 10, 6), C (6, 9, 4) 
and D (2,2,4) by a smooth curve, filling out poorly defined por- 
tions in S froni the H and V projectiona. 
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* <'^)RVK^^ SUBFACES AKS TEEIS ELEKENTS. 

67. Linei Bepraenting Catred SurfaoM. — To repTesent eolida 
haring curved surfaces, it is not enough to represent the actual 
comers or edges only. Hitherto only edges have appeared on de- 
scriptive drawings, and it has been a feature of the drawings that 
every point represented on one projection must be represented on 
the other projections, the relation between projections being strictly 
according to rule. We now come to a class of lines which do not 
appear on all three views, lines due to the curvature of the surfaces. 

The general principle, called the " Principle of Tangent Projec- 
tors," governing this new class of lines is as follows: In projecting 
a curved surface to a given plane of projection (by perpendicular 
projectors, of course) all points, and only those points, whose pro- 
jectors are tangent to the curved surface should be projected. A 
good illustration of this principle is shown in Fig. 45, where the 
cylinder is projected upon the plane of projection. The top and 
bottom bases are edges, and project under the ordinary roles, but 
along the straight line 0, 1, 2, . . . ., 13 the curved surface of the 
cylinder is itself perpendicular to the plane of projection. If from 
any point on this line a projector is drawn to the plane of projection 
(as is shown in the figure for the points 1, 2, 3, etc.), this projector 
is tangent to the cylinder. The whole line therefore projects to 
the plane of projection. The projection of the cylinder on a plane 
parallel to its axis is therefore a rectangle, two of its sides repre- 
senting the circular bases and the two other edges representing the 
curved sides of the cylinder. 

58. The Bight Circular Cylinder. — The complete descriptive 
drawing of a cylinder is therefore as shown in Fig. 49. This cylin- 
der is a right circalar cylinder. Mathematicians consider that the 
cylinder is " generated " by revolving the line AA' about PP", the 
axis of the cylinder. The generating line in any particular poBi- 
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tion IB called an " element " of the surface. Thus AA', BR, CC, 
etc., are elements. 

When the cylinder is projected upon V, AA' and CC are the 
elements which appear in V because the V projectors of all points 
along those lines are tangent to the cylinder, aa, can be seen from 
■fhe view on H- The elements which are represented by lines on 
S are BB" and Diy. 

The right circular cylinder may also be considered as generated 
by moving a circle along aa axis perpendicular to its own plane 
through its center. 




In Fig. 45 consider the top base of the cylinder to be moved 
down the cylinder. Each succesaive position of the circle is a " cir- 
cular element" of the cylinder. The circles through the pointa 
1, 2, 3, etc., are simply circular elements of the cylinder taken at 
equal distances apart. 

69. The Inclined Circular Cylinder. — Fig. 50 shows an inclined 
circular cylinder. It has circular and straight line elements as 
before, though it cannot be generated by revolving a line about 
another at a fixed distance, but can he generated by moving the 
circle ABCD obliquely to A'B'C'D', the center moving on the axis 
PP". The straight elements are all parallel to the axis. The croBS- 
aection of a cylinder is a section taken perpendicular to the axis. 
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In this case Hie crose-sectioD is an ellipse, and for tbb reasoD the 
iDcliDed Circular Cylinder is sometimes called the Elliptical Cyl- 
inder. 

60. Sbvight aad InoUsed CizonlaT Conei. — If a generaiing line 
AP, Fig. 51, meets an axis FF at a point P, and is revolved about 
it, it will generate a Straight Circular Cone. The cone has both 
straight and circular elements, the circnlar elements increasing in 
size as they recede from the vertex P. The base ABCD is one of 
tiie elements. 




The Inclined Circular Cone (Fig. 52) has straight and circular 
elements, but it is not generated by revolving a line about the axis. 
The circular elements move obliquely along the axis PP" and in- 
crease uniformly as they recede from the vertex^P. 

61. The Sphere. — The Sphere can be generated by revolving a 
aemiciycle about a diameter. Each point generates a circle, the 
radii of the circles for successive points having values varying 
between and the radius of the sphere. Since the sphere can be 
generated by using any diameter as an axis, the number of ways in 

■ which the surface can be divided into circular elements is infinite. 

62. Snrfacea of Scvolution. — In general, any line, straight or 
curved, may be revolved about an axis, tlius creating a surface of 
revolution. Every point on the " generating line " creates a " cir- 
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cnlar clement " of the surface, and the plane of each circDlar ele- 
ment is perpendicular to the am of the surface. 

The Htraight circular cylinder is a simple case of the general 
dasB of eurfaees of revolution. To generate it a strafght line is 
revolved about a parallel straight line. The different points of the 
generating line create the circular elements of the cylinder, and 




Fig. 54. 



tiie different poBitiona of the generating line mark the straight ele- 
ments. The cone and the sphere are also aurfacee of revolution, as 
they axe generated by revolving a line about ao axis. 

If a circle be revolved about an axis in its own plane, but en- 
tirely exterior to the circle, a solid, called an "anchor ring," is 
generated. A small portion of this surface, part of its inner surface, 
is often spoken of as a " bell-shaped surface,'* from its similarity 
to the flaring edge of a bell. 

Any curved line may create a surface of revolution, but in de- 
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fiigne of machinery lines made np of parte of circles and straight 
lines are most frequently need. Pigs. 53 and 54 show two exam- 
ples which illnstrate well the application of the Principle of Tan- 
gent Projectore, The generating line is emphasized and the cen- 
ters of the various arcs are marked. 

Any angular point on the generating line, as a (Fig. 53), creates 
a circular edge on the surface. This edge appears as a circle on the 
plan (as aa' on |-f ), and as a straight line, equal to the diameter, 
on the elevation (aa aa' on V)- See also the point h (Fig. 54). 
In addition, any portion of the generating line which is perpen- 
dicular to the axis, as & (Fig. 53), even if for an infinitely short 
distance only, creates a line on the side view, as W on Vi but no 
corresponding circle on H- A V projector from any point on the 
circular element created by the point h is tangent to the surface, 
and therefore creates a point on the drawing, but an H projector 
is not tangent to the surface, e is a similar point, and so also is 
i of Fig. 54. 

Any point, as c. Fig. 53, where the generating line is parallel to 
the axis for a finite, or for an infinitely small distance, generates 
a circular element, from every point of which the H projectors are 
tangent to the surface, but the V projectors are not. A circle c<i 
appears, therefore, on the plan for this element of the surface of 
revolution, but no straight line on the side view, d is a similar 
point, as are also / and g, on Fig. 54. 

63. The Helicoidal Surface. — If a line, straight or curved, is 
made to revolve uniformly about an axis and move uniformly along 
the axis at the same time, every point in the line will generate a 
helix of the same pitch. The surface swept up is called a Heli- 
coidal Surface. 

The generating line chosen ia usually a straight line intersecting 
the axis. The aurfacea used for screw threads are nearly all of 
this kind. Fig. 55 gives an example of a sharp V-threaded screw, 
the two surfaces of the thread having been generated by lines in- 
clined at an angle of CO' to the axis. Fig, 56 showa a square 
thread, the generating lines of the two helicoidal surfaces being 
perpendicular to the axis. Any particular position of the straight 
line is a " straight element " of l^e helicoidal surface. 
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64. Elemmtary Intenectiona. — In executing drawings of ma- 
chinery it IB often neceasary to determine the line of intersection of 
two BurfaccB, plane or curved. Tite simplest lines of intersection 
*re eucli as coincide with elements of a curved surface. They may 
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be called " Elementary Intersections." An elementary intersection 
may ariae vhen a curved surface is intersected by a plane, so placed 
as to bear some simple relation to the surface itself. 

In Fig. 49, any plane perpendicular to the axis of the cylinder 
intersects it in a circular element of the cylinder, and any plane 
parallel to the axis of the cylinder (or containing it) intersects 
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it (if it intersects it at all) in two Btiaight line elements of the 
cylinder. 

In Fig. 50 any plane parallel to the baae of the cylinder inter- 
sects it in a circular element, and any plane parallel to the aiia, 
or containing it, jntersects it in straight elements of the cylinder. 

In Fig. 51 or 52 any plane parallel to the base of the cone inter> 
sects it in a circular element, and any plane containing the vertcs 
of the cone (if it intersects at all) intersects the cone in straight 
elements. 

In Fig. 53 or 54 any plane perpendicular to the axis of the sur- 
face of revolution intersects it in a circular element. 

In Fig. 55 or 56 any plane containing the axis of the screw inter- 
secta the helicoidal surfaces in straight elements. The plane per- 
pendicular to Hj cutting H in a trace PQ, and cutting V in ■ 
trace QB^ cuts the helicoidal surfaces at each convolution in straight 
elements. Only ab and a'b are marked on the figure. 

Problems VI. 

(For blackboard or cross-section paper or wire-mesh cage.) 

60. Draw the projections of a cylinder whose axis is P (6, 3, 6), 
P' (6, 16, 6), and radius 5, Draw the intersection of this cylinder 
with a plane parallel to Hi at 4 units from H, and with a plane 
parallel to V, 10 units from V. 

61. An inclined circular cylinder has its bases parallel to §. Its 
axis is P (2, 7, 7), P' (14, 7, 13). Its radius ia 5. Draw the V 
and S projections and the intersection, with a plane parallel to S, 
6 units from S) "nd with a plane parallel to V> 3 units from V* 

62. Draw a cone with vertex at P (4,8,8), center of baae at 
P" (16, 8, 8), and radius 6, the base lying in a plane parallel to S- 
Draw the intersection with a plane parallel to S> 13 units from St 
and with a plane perpendicular to Si whose trace in S passea 
through the points (0,8,8) and (0,14,0). 

63. An oblique cone has its vertex at P (16, 8, 4) and its base in 
a plane parallel t« H, center at P" (8, 8, 16), and radius 5. Draw 
the intersection with a plane parallel to H, 13 units from H> W"l 
with a plane containing the axis and the point (16, 0, 16). 
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64. A cone has an axis P (8,3,2), F (8,14,10). Its base is in 
a plane parallel to Vj 14 units from V, and its radius is 6 units. 
Draw the intersection with a plane containing the vertex and the 
points (0, 14, 13) and (16, 14, 12). 

65. A surface of revolution is formed by revolving a circle, whose 
center is at (12, 8, 8) and radius 3 units, lying in a plane parallel 
to V. about an axis perpendicular to ff at the point {8, 8, 0). It 
is cut by a plane parallel to li at a distance of 6 units from H- 
Draw the intersections. 

66. A sphere has its center at (8, 8, 8) and a radius of 5 units. 
Draw the intersection with a cylinder whose axis ia P (8,8,0), 
P" (8,8,16), and whose radius is 4 units, its bases being planes 
perpendicular to its axis. 

67. A sphere has its center at (8, 8, 8) and a radius of 5 units. 
Find its intersection with a cone whose vertex is P (0, 8, 8), center 
of base (16, 8, 8), and radius of base 6 units, the base being in a 
plane g' parallel to S- 

68. In Kg. 53 let the generating line Pabcde be revolved about 
«b' aa an axis. Assume any dimensions for the line and draw the 

V and S projections of the surface of revolution thus formed. 
Draw the intersection with a plane parallel to S just to the right 
oid. 

69. In Fig. 54 let the generating line Pfgk be revolved about 
hh' as an axis. Assume any dimensions for the line and draw the 

V flud S projections of the surface of revolution formed. 
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TSTEBSECTIQiNS OF CUUVED SUSFACE8. 

68. The Kethod of the Intenection of the Inteneetiotui. — The 
determination of the line of intersection of two curved enrfaces (or 
of a curved surface and a plane), when not an " Elementary Inter- 
Bcction," is of much greater difficulty and reqnireB a clear under- 
standing of the nature of the curved surfaces themselves, and some 
little ingenuity in applying general principles. 

The method generally relied upon for the solution is the use of 
ajmd'ary intersecting planes so chosen as to cnt elementary inter- 
Bections with each of the given surfaces. These elementary inter- 
sections are drawn and the points of intersection of the intersec- 
tions are identified and recorded as points on the required line of 
intersection. This method is spoken of as " finding the intersec- 
tion of the intersections." When a number of auxiliary planes 
have been used in this way, a smooth curve is paased through the 
points on the required intersection of the surfaces, as described in 
Art. 55. It should not be necessary, however, to interpolate points 
to fill out gaps as was done in Pig. 48 for E and F. This can he 
done better by the use of more auxiliary intersecting planes. Ex- 
amples of this method will maie it clear. 

66. An Inclined Circnlar Cylinder Cut by an Inclined Plane.— 
In Fig. 57 an inclined cylinder, axis PF", is cut by a plane perpen- 
dicular to \, and inclined to H. The traces of this plane are IJ 
in H> JK in V, and l^L in g- 

It is an Inclined Plane (see Art. 19), not an Oblique Plane. 
Having the descriptive drawing of the cylinder and the traces of 
the plane given, the problem is to draw the line of intersection of 
the surfaces. It ia well-known that in this case the line of inter- 
section is an ellipae, but the method of determining it permits the 
ellipse to be plotted whether it is recognized as such or not. No 
use is to be made of previous knowledge of the nature of the curro 
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of intersection of any of the caeee treated Jn this and the next 
chapter. 

Two Tariationa of the method are applicable in this caae. In the 
first method, auxiliary intersectiiig planes may be taken parallel to 
the axis of the cylinder. The simplest method of doing this la to 
take auxiliary planes parallel to V* Bince the axis itself is parallel 




to V- 'Let B'R be the trace on H, and RB" the trace on S of a 
plane parallel to V- We may call this plane simply " R." 

Let e and / be the points where R'B cuts the top base of the cyl- 
inder. Project these points from H to V and in V draw ee' and 
ff parallel to PP". These straight elements of the cylinder are the 
lines of intersection of the auxiliary plane with the cylinder. As 
8 check on the work, e' and f, where R'B in H "^iits the bottom 
base of the cylinder, should project vertically to e' and f in V- 
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The auxiliary plane cuts the given plane JK in a line of inter- 
section whose projection on V coincides with JK itself. 

The points ; and it, where ee' and ff intersect JK, are the " inter- 
tections of the intersections," and are therefore points on the line. 
cf intersection of the cylinder and the plane K. Project ; and lb 
to R'R on H and to BR" on S- These are points on the required 
curves in H and S- By extending in H the projecting lines of 
j and h as far above the axis PP" as j and h are below it, f and it', 
points on the upper half of the cylinder, symmetrical with ;' and k 
en the lower half, are found. The construction is equivalent to 
passing a second auxiliary plane parallel to PP' at the same dis- 
tance from PP" as R, hut on the other side. 

By passing a number of planes similar to R, a sufficient number 
of points are located to define accurately the ellipse ahcd in |i 
andS. 

The true shape of this ellipse is ehown in \}, a plane parallel to 
JK, at any convenient distance. In the example chosen, the plane 
JK has been taken perpendicular to PP", so that the ellipse ahcd la 
the true cross-section of the cylinder. Nothing in the method de- 
pends on this fact and it is perfectly general and applicable to any 
inclined plane. 

A variation may be made by passing the auxiliary planes per- 
pendicular to V and parallel to PP. ee' in V luay be taken as the 
trace of such a plane. The intersections of this auxiliary with both 
surfaces should be traced and the intersection of the intersections 
identified and recorded as a point of the curve required. / and f 
are the points thus found. This method indeed requires the same 
construction lines as before, but gives a different explanation to 
them. 

67. A Second Kethod ITsing Circular Elemesta of the Cylinder. — 
A plane parallel to the base of the cylinder and therefore, in this 
case, parallel to fl, wil! cut the cylinder in a line of intersection 
which is one of the circular elements of the cylinder. Let T'T and 
TT", in Fig. 58, be the traces of a plane " T " parallel to H- The 
axis of the cj-linder PP" pierces the plane 7" at p. p is therefore 
fl;e center of the circle of intersection of the auxiliary plane T with 
the c}'Iin(3er. Project p to H> and using ,p as a center and with a 
radius equal to pt, describe the circle aa shown. 
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The planes T and JE are both perpendicular to V or " seen on 
edge " in V- Their line of intersection is therefore perpendicnlar 
to V, or is " eeen on end " in V, as tlie point j. Project / to H. 
where It appears as the line jj'. This line is the intersection of the 
two planes. 

The points j and /, where thia line of intersection jf meeta the 
circular intersection whose center is at p, are the " interseetiona of 
the interseetiona," and are points on the required curve. 

N 




Planes like T, at various heights on the cylinder, determine pairs 
of pointa on the curve of intersection on fi- From H and V the 
points may be plotted on S by the usual rules of projection, thus 
completing the solution. 

88. Sii^^olai or Critical Fointi. — It is nearly always found that 
one or two points on the line of intersection may be projected di- 
rectly from some one view to the others without new construction 
lines. In this case a and <; in V> Fig. 57, may be projected at once 
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to H find S- They correspond theoretically to points determined 
by a central plane, cutting H in a trace PP'. b and d may also be 
projected directly, as they correspond to planes whose traces in 
H B.K BB" and DLf. These critical points sliould always be the 
first points identified and recorded, though usually no explanation 
will be given, aa they should be obvious to any one who has grasped 
the general method. 

69. A Cone Intenect«d by an Inclined Plane. — Fig. 59 shows 



Fia. S9. 

the descriptive drawing of a right circular cone intersected by an 
inclined plane whose traces are JK and KL, Two methods of solu- 
tion are shown. 

A plane R, containing the axis PP", and therefore perpendicular 
to Hi is shown by its traces E'B and RE". It intersects the cone 
in the elements Pj and Ph. From H project these points ; and k 
to V. and draw the elements in V- The V projection of the inter- 
section of B with the plane JK is the line JK, and the points e and 
f are the intersections of the intersections, e and / are now pro- 
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j'eeted to the plan, where they neceBsarily lie on the line BR". Sjmi- 
metrical points e' and f are also plotted and all four points trans- 
lerred to the side elevation. 

A plane T perpendicular to ike axis PP whose traces are T'T 
and TT" may be used instead of R. Its intersection with the cone 
is a circle, seen on edge in the front elevation as the line lih'. Its 
center is g, and radius is gh. Draw this circle in the plan. The 




intersection of T with the plane JK is a line, seen on end, as the 
point / of the front elevation. Draw /"^ in ff as this line. The 
points f and f are the intersections of the intersections. 

70. Inteneotion of Two Cylinders. — Fig. 60 shows the inter- 
section of two cylinders. Since they are right cylinders, and their 
axes are at right angles, planes parallel to any one of the three 
reference planes will cut only straight or circular elements of the 
cylinders. By the solution. Fig. 60, auxiliary planes parallel to V 
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hate been chosen, the traces of one being IfB and JBR". This plane 
intersects the vertical cylinder in the lines itif and W, and.it inter- 
eects the horizontal cj'iinder in the lines mm' and nn'. The inter- 
sections of these intersections are the points marked r. 
■ If the ases of the cylinders do not meet but pass at right angles, 
BO new complication is introduced. If the axes of the cylinders 
meet at an angle, and one or both cylinders are inclined, the choice 
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of methods may be greatly reduced, but one method is always pos- 
sible. To discover it, try planes parallel to the axes of both cylin- 
ders, or parallel to one axis and to one plane of reference; or in 
some manner bearing a definite relation to the nature of the Bar- 
faces. 

• 71. lateiMction of a Cylinder and a Sphere. — In Fig. 61 a 
sphere is intersected by a cylinder, whose axis PP" does not pass 
through the center of the sphere at Q. In the solution. Fig. 61, 
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auxiliary planes parallel to V have been chosen, the traces of one of 
them being R'B and BB", The plane R cuts the sphere in a circle 
■whose diaiuet«r is eg, as given by the plan. This circle is described 
in V- The intersections of this circle with the elements of the 
cylinder kk" and W are the points marked r, points on the required 
curve of intersection. 

In this case the points are first determined on the front elevation 
and then projected to the side elevation. Solutions by planes par- 
allel to H or to S may be made, requiring however different con- 
struction lines. 



72. Intersection of a Cone and a Cylinder: Axes Intersecting. — 

In Fig. 62 a cone and a cylinder intersect at right angles. The 
solution chosen is by horizontal planes, as T. 

An alternate solntion is by planes perpendicular to Si and con- 
taining the point P. The planes must cut both surfaces, and their 
traces, where seen on edge, as PR, Fig. 62, must cut the projections 
of both surfaces. These two solutiona hold good even if the axes 
do not meet but pass each other at right angles. 
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If the aiefl are not at right angles, modificationB must be made, 
and the search for a system of planes making elementary intereec- 
tioDB with both surfaces requires some ingenuity and thought. 

73. Inteneotioii of a Cone and Cylinder: Axes Parallel. — A 
fiimple case is shown in Fig. 63. Two methods of solution are avail- 
able. In one, horizontal planes are used. Each plane, such as T, 




makes circular intersections, with both cone and cylinder, the inter- 
sections intersecting at points t and (. A second method is by 
planes perpendicular to f^, containing the axis PF". One plane 
" B " is shown by its traces E'R in Itil and RB" in S, this plane 
being taken so as to give the same point t on the curve and another 
point ('. In the execution of drawings of this class it is natural to 
take the auxiliary planes at regular intervals if the planes are 
parallel to each other, or at equal angles if the planes radiata from 
a central axis. 
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ProWenu VII. 

■ 70, An inclined cylinder has one base in H and one in a plane 
parallel to H. Its asis Is P ,(U,8, 0), F (5, 8, 16). Ite radius ia 
4 units. It is intersected by a plane perpendicular to Y> whose 
trace passes through the points (5,0,0) and (11,0,16). Draw the 
three projections and show one intersecting auxiliary plane by con- 
struction lines. 

71. A cone has its vertex in H at (6,6,0) and its base in a 
plane parallel to ff, center at (6, 6, 12), and radius 5i It is inter- 
sected by a plane containing the axis of Y and making angles of 
45° with H and S- Draw the projections. 

73. A cone has its vertex at (2, 14, 16) and its base is a circle 
ia H. center at (8, 8, 0), and radius 6, Find its intersection with 
a vertical plane 4 units from g. 

73. A right circular cylinder has its base in S, center at (0, 8, 8), 
and radius 4. Its axis is 16 units long. Another right cylinder 
has its base in ff, center at (8, 8, 0), radius 5, and axis 16 units 
long. Draw their lines of intersection, the smaller cylinder being 
supposed to pierce the larger. 

74. A right circular cylinder has its base in Sj center at (0,7,8), 
and radius 4. Its axis is 16 units long. Another right circular 
cylinder has its base in H, center at (8, 9, 0), radius 5, and axis 16 
units long. Draw their line of intersection, the smaller cylinder 
being supposed to pierce the larger, 

75. Two inclined circular cylinders of 3 units radius have their 
bases in H and in H' {16 units from H). The axis of one ia 
P (4,8,0), F (12,8,16), and of the other is Q (12,8,0), 
Q' (4, 8, 16). Prove that their intersection consists of two parts, 
one a circle in a plane parallel to f|, and one an ellipse in a plane 
parallel to S- 

76. A sphere has its center at (8, 9,8), and radius 6J units. A 
vertical right circular cylinder has its top base in fi, center at 
(8,6,0), radius 4, and length 16 units. Find the intersection of 
the surfaces. 

77. A right circular cylinder, axis P (0,8,9), F (16,8,9), 
radius 5, is pierced by a right circular cone. The base of the cone 
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is in a plane 16 nnits from H, center at Q' (8, 8, 16). and radius 
6. The vertex o( the cone is at C (8, 8, 0). Find the linea of intcr- 
eection. 

78. An incliaed cylinder has an oblique line P (0,11,5), 
P (16, 5, 11) for its axis. The radius of the circular base is 4 
units and the planes of the bases are g. an^ S' parallel to 3 at 16 
units' distance. The cylinder is cut by a plane parallel to V "t 7 
units' distance from V- Draw the three projections of the cylinder 
and the line of intersection. 

79, An inclined cylinder has an oblique line P,{0, 11, 5), 
f (16,5,11) for its axis. The radius of the circular base is 4 
nnits, and the planes of the bases are Si and S' parallel to S at 16 
units' distance. The cylinder is cjit by a plane perpendicular to 
V, its trace passing through the points (3,0,0) and (14,0,16). 
Draw the three projections. 
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DTTEBSECnOHS OF CURVED SURFACES; CONTIHUEI). 

74. Intersection of a Snrface of ReTolntion and an Inclined 
Plane.-^In Figs. 64 and 65 a Burface of revolution is shown. It is 
Y 




cut by an inclined plane perpendicular to H in tlie first case, and 
by one perpendicular to V in the second caae. The planes are 
given by their traces, and the problem is to find the curves of inter- 
section. Both solutions make use of cutting planes perpendicular 
to PP", the axis of revolution of the curved surface. 



n,g -ccT'GoOgIc 



82 Ehoiheerino Descgiftive Geouetbt 

In Fig. 64 a plane T, taken at will perpendicular to PP', cuts 
the surface of revolution in a circular element seen as the straight 
line at' in V- "■ i^ projected to H and the circle atf drawn. The 
inclined plane whoee traces are JK and KL ia intersected by the 
plane T in a line whose horizontal projection is the line JK itself. 
t and (' (on H) are therefore the intersections of the intersectiona 
and are projected to the front elevation, giving points on the re-- 
quired line of intersection, A system of planes such as T defines 
points enough to fully determine the curve, mtt'n. 

In Fig. 65 the given plane has the traces IX and XZ. The plane 
T intersects the surface of revolution on the circle atct', and it 




intersects the plane in the line W, seen on end in V ^^ ^^^ point t. 
t and t' in ft are points on the required curve of intersection, mtt'n. 

The point of this surface of revolution APG has been given a 
special name. It is an " ogival point." The generating line AP 
is an arc of 60°, center at C, and conversely the generating line PC 
has its center at A. The shell used in ordnance is usually a long 
cylinder with an ogival point. A double ogival surface is produced 
by revolving an arc of 120° about its chord. 

75. Interseclion of Two Surfaces of BeTolntion; Axes Par- 
allel. — This problem is illustrated in Fig. 66, where two surfaces of 
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reTolution are shown, A horizontal plane T cuts both surfaces in 
circular elements. These elements are drawn in H as circles aicd 
and efgh. t and f are the int«reections of the intersections. From 
H ( and f are projected to V and S- The problem in Art. 73 is 
but a special case of this general problem. In addition to the solu- 
tion by horizontal planes another solution is there possible, due to 
special properties of the cone and cylinder. 




76. Intersection of Two Surfaces of Revolution: Axes In- 
tenecting. — An example of two surfaces of revolution whose axes 
intersect is given by Fig. 67. A surface is formed by the revolution 
of the curve tow' about the vertical axis FP", and another surface 
by revolving the curve vQ about the horizontal axis QQ". The in- 
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tersection of the axes PP" and QQ' is the point p. The peculiarity 
of this caee is that no plane can cut both Burfacea in circalar eler 
ments. However, a sphere described with the point of intersection 
of the ases aa a center, if of proper size, will intersect both enrfaces 
in circular elements. V is parallel to both axes and on this pro- 
jection a circle is described with p as center representing a sphere. 
The radius is chosen at will. To keep the drawing clear, this 
sphere has not been described on plan or side elevation, as it would 
be quite superfluous in those views. 

The sphere has the peculiarity that it is a surface of revolution, 
using any diameter as an axis. The curve wte' and the semicircle 
mabn are in the same plane with the axis PP'. When both axes 
are revolved about PP", a and 6, their points of intersection, gene- 
rate circular elements, which are common to the sphere and to the 
vertical surface of revolution. Therefore, these circles are the in- 
tersections of the sphere and the vertical surface. The H and S 
projections of these circles are next drawn. 

The curve uQ and the semicircle qcdr are in the same plane with 
the axis QQ", When both axes are revolved about QQ', their inter- 
sections, c and d, generate circles which are common to both sur- 
faces, or are their lines of intersection. The circle generated by c 
is drawn in fj and S, but that generated by d is not needed. 

The three circles aa', 66', and cc' appear as straight lines on V? 
but from them the points i and s, the intersections of the intersec- 
tions, are determined. These are points on the required curve in 
V. 

The circle aa' appears as a circle ata't' in H, and as a line tf 
in S- The circle cc' appears as a circle ct(^f in S, and as a line ee' 
in fil- These circles intersect in H at ( and f, and in S at j and f 
and s and s'. These are points on the required curves in H and S- 

For the complete solution, a number of auxiliary spheres, differ- 
ing slightly in radius, must be used. 

77. Intersection of a Cone and a Kon-Ciroular Cylinder. — A 
non-circular cylinder ia a surface created by a line which moves 
always parallel to itself, being guided by a curve lying in a plane 
perpendicular to the generating line. This curve, called the direc? 
trix, is usually a closed curve. The cross-section of such a cylinder 
is everywhere similar to the directrix. 
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This fact may be utilized to advantage in some cases. In Fig, 
68, an oblique cone and a non-circular cylinder intersect. The 
directrix of the cylinder ia a pointed oval curve, aicd in H. Hori- 
zontal planes, as T'T, intersect the cylinder in a curve identical in 
shape with its directrix, so that its projection on H coincides with 
the projection of the directrix on H- The intersection with the 
cone is a circle, mt'tn, and the intersections of the interaeetionfl are 
the points t. 




78. Alteration of a CaiT« of Intersection by a Fillet. — In Fig. 

69 a hollow cone and a non-circular cylinder, abed in H, intersect. 
On the left half the unmodified curve of intersection ia traced by 
the method of the preceding article, no construction lines being 
shown however, as the case is very simple. On the right half the 
curve ia modified by a fillet or small arc of a circle which fills in 
the angular groove. The fillet whose center is at g modifies that 
point of the litie of intersection marked c. The top of the circular 
arc marks the point where an H or S projector is tangent to the 
surface. 
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The corresponding crest to the fillet at other positions on the 
curve of intersection is traced as follows: If a line drawn through 
i: and parallel to PO, the generating line of the cone, is used as 
a new generator it will by its rotation about PP" create a new 
cone, on the surface of which the required line of the crests of the 




fillets must lie. If a line mn, parallel to c(/, the generating line of 
the cylinder, is moved parallel to cc", and at a constant distance 
from the surface of the non-circular cylinder, it will generate a 
new non-circular cylinder on the surface of which the required 
path of the point iir must lie. The directrix of this new cylinder is 
drawn in H, the line rms, as shown. The intersection of these two ' 
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new mrfaoes, fonnd by the method used above (or by planes per- 
pendicular to H tbroui^ the am PP"), is the leqaired path of It 
or the line which appears on V ^^d §. The line-mu, representing 
the Bame patii on f|, ie not properly a line of the drawing and is 
not inked except as a oonetmction line. 

79. latenectioii of « Helieoidal Sur&oe and a Plane^ — In Fig. 
?0 there is Bbown a long-pitcbed screw having a triple thread, sndi 
as is often ranployed for a " worm." To the left is shown a partial 
longitudinal section giving the generating lines. In V the con- 
cealed parts of the helical edges are omitted, except in the cases of 
one of the smaller and one of the larger edges. The plane whose 
trace on V i^ -E^^ is perpendicular to the axis, and terminates the 
screw threads. The intersection of this plane with the screw 
threads is the curve of intersection to be drawn on H- It is deter- 
mined by passing planes containing the axis of the worm. One of 
these is shown by its traces PR and RK. 

From points a and h in the plan corresponding points are plotted 
on the front elevation, a falling on the helix of small diameter 
(extended in this case), and h on the helix of large diameter. This 
element db of the helix ig seen to pierce the plane KL at it. This 
point it is projected to the plan and is one of the points on the 
required curve mitn. 

Problems TIIL 

(For units, use inches on blackboard or wire-mesh cage, or small 
squares on cross-section paper.) 

80. An anchor-ring is formed by revolving a circle of 6 units 
diameter about a vertical axis, so that its center moves in a circle 
of 10 units diameter, center at Q (8,8,8). The anchor-ring is 
intersected by a plane parallel to V passed throu^ the point 
A (8, 6, 8) and by another plane parallel to V through the point 
B (8,4,8). Draw the projections of the ring, the traces of the 
planes and the lines of intersection. 

81. The same anchor-ring is intersected by a plane perpendicu- 
lar to Vf having a trace passing through the points C (0, 0, 2) and 
D (8, 0, 8). Make the descriptive drawing and show the true shape 
of the lines of intersection. 
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- 82. The Eair.e anchor-ring is intersected by a right circular 
cylinder, axis P (12,8,0), F (12,8,16), and diameter 4 units. 
Make the descriptive drawing of the anchor-ring, imagining it to 
be pierced by the cylinder. 

83. An anchor-ring has an axis P (0,8,8), F (16,8,8). Its 
center moves in a plane 7 units from Si describing a circle of 8 
unite diameter. The radius of the describiiig circle is 3 units. It 
is intersected by an ogival point wh(»e axis ia a vertical line 
Q (7, 8, 3|), Q' (7, 8, 16). The generating line of the ogival point 
ia an arc of 60°, with center at (0, 8, IC), and radius 14 units. 
The point Q is the vertex and the point Q' is the center of the circu- 
lar base of 7 units radius. The axes intersect at p (7, 8, 8), Draw 
the projections and the line of intersection, front and side eleva- 
tions only. 

84. The line P (4, 13, 8), P" (16, 8, 8) is the chord of an arc of 
90°, whose radius is 9.2 units. The arc is the generating line of a 
surface of revolution of which PP' is the axis. Draw the projection 
on ff , Draw the end view on an auxiliary plane U perpendicular 
to PP", the trace of U on H intersecting OX at (16,0,0). The 
surface is intersected by a plane perpendicular to H and contain- 
ing the line PP'. Draw the tine of intersection on V- 

8,>, The same surface is intersected by a plane perpendicular to 
fi whose trace in H passes through the points (4, 16, 0) and 
(16,5,0), Draw the line of intersection on V- 

86. The line P (3, 8, 8), F (13, 8, 8) is the chord of an arc of 
90°, radius 7.07 units. It is the axis of revolution of a surface of 
which the arc is the generating line. It is intersected by a right 
circular cone having its vertex at Q (8, 8, 2), and center of base at 
Q' (8, 8, 12), radius of base 5 units. Draw the line of intersection. 

87. A non-circular cylinder has ite straight elemente, length 16 
units, perpendicular to ff. The directrix is a smooth curve 
through the pointe A (14, 6, 0), B (18, 4, 0), C (10, 4, 0), 
D (8, 5, 0), E (5, 8, 0), F (2, 13, 0). It is piereed by a cylinder 
whose base is in Vi whose axis is perpendicular to V at the point 
(8,0,8), whose radius is 5 units, and whose length is 14 units. 
Find the line of intersection in 3- 
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88. The line P (8, 8, 2), P" (8, 8, 14) is the axis of a right cir- 
cular cylinder of 6 unita diameter. Projecting from the cylinder is 
an helieoidal Burface, of 12 nnita pitch, of which (5,8,3), 
0' (1,8,2) is the generating line. The helicoid is intersected 
by a plane perpendicnlar to ff whose trace in Iff paBses througli -the 
points (5,0,0) and (16,11,0). Draw the plan and front eleva- 
tion of the cylinder and helicoid and plot the line of intersection 
with the plane, 

89, The helieoidal surface of Problem 87 is intersected by a right 
circular cylinder whose axis Q (12, 8, 2), Q' (12, 8, 14) is parallel 
to PP". The radius of the cylinder is 3 units. Draw the line of 
intersection. 



I 
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CHAPTER IX. 
DEVELOFHEin: OF CtTBVED STTSFACES. 

80. Heaning of DcTelopment as Applied to Carved Surfaces. — ■ 

Many curved surfaces may be developed on a plane in a manner 
similar to the development of prisms and pyramids explained in 
Articles 45 and 46. By development, is meant flattening out, 
without stretching or otherwise distorting th» surface. If a curved 
surface is developed on a plane and this portion of the plane, called 
" the development of the surface," is cut out, this development may 
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be bent into the shape of the surface itself. The importance of 
the process comes from the fact that many articles of sheet metal 
are so made. If a sheet of paper is bent in the hands to any fan- 
tastic shape, it will always be found that through every point of 
the paper a straight line may be drawn on the surface in some one 
direction, the greatest curvature of the surface at this point being 
in a direction at right angles to this straight line element through 
the point. The surfaces which can be formed by twisting a plane 
surface without distortion are called surfaces of single curvature. 
The curved surfaces, therefore, which are capable of development 
are only those which are surfaces of single curvature and have 
etraight line dements, but not by any means all of these. All forma 
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of cylinders and cooes, right circular, oblique circular, or non- 
circular, mav be developed. The helicoidal surfaces, illustrated by 
Figs. 55 and 5G, though having straight elements, cannot be de- 
veloped, nor can the hyperboloid of revolution, & surface generated 
by revolving a straight line about a line not parallel nor intersect- 
ing. Figs. 71 and T2 are perspective drawings showing the process 
of rolling out or developing a right circular cylinder and a right 
■circular cone. 

81. Beotiflcatiott of tbt Are of a Cirele. — In developing curved 
surfaces it frequently happens that the whole or part of the cir- 
cumference of a circle is rolled out into a straight line. Since the 
surface must not be stretched or compressed, the straight line must 
be equal in length to the arc of the circle. This process of finding 
a straight line equal to a given arc is called rectifijing the arc. No 

c 
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absolutely exact method is possible, but methods are known which 
are so nearly exact as to lead to no appreciable error. These have 
the same practical value as if geometrically perfect. 

In Fig, 73, AB is the arc of a circle, center at C. For accurate 
work the arc should not exceed 60°. It is required to find a 
straight line equal to the given arc. Draw AH, the tangent at one 
extremity, and draw AB, the chord. Bisect AB at D. Produce the 
chord and set off AE equal to AD. With B as a center, and with 
EB as a radius, describe the arc BF, meeting AH at F. Then 
AF=aTc AB, within one-tenth of one per cent. 

In this figure, and in the two following ones, the arc and the 
straight line equal to it are made extra heavy for emphasis. 
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82. Bectifyii^ a Semiciide. — A second method, applicable parr 
ticularly to a semicircle, was recently devised by Mr. George Pierce. 
In Fig! 74 the semicircle AFB is to be rectified. A tangent BC, 
equal in length to the radius, is drawn at one extremity. Join AC, 
cutting the circumference at D. Lay off DE=DC, and join BE, 
producing BE to the circumference at F. Join AF. Then the 
triangle AEF, shown lightly shaded, has its periphery equal to the 
semicircle AFB, within one twenty-thousandth part. The peri- 
phery may be conveniently spread into one line by using A and E 
as centers, and with AF and EF as radii, swinging F to the left to 
and to the right to H on the line AF extended. QH is the recti- 
fied length of the semicircle. 

83. To Lay Off an Arc Equal to a Given Straight Line. — This 
inverse problem, namely to lay off on a given circle an arc equal to 




a given straight line, frequently arises. In Fig. 75 a line AB is 
given. It ia required to find an arc of a given radins AC equal to 
the given line AB. At A erect a perpendicular, making AC equal 
to the given radius, and with (7 as a center describe the arc AF. 
On AB, take the point D at one-fourth of the total distance from 
A. With D as center and DB as a radius, draw the arc BF, meet- 
ing AF at F. AF is the required arc, equal to AB. 

This process is also accurate to one-tenth of one per cent if the 
arc AF ia not greater than 60°. If in the application of this process 
to a particular case the arc AF is found to be greater than 60°, the 
line AB should be divided into halves, thirds or quarters, and the 
operation applied to the part instead of to the whole line. 
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84. Derelopment of a Strai^lit Circular Cylinder. — In Fig. 60 
let the intereecting cylinders represent a large sheet-iron ventilat- 
ing pipe, with two smaller pipes entering it from either side. Such 
a piec^ is called by pipe fitters a " cross." The problem is to find 
the shape of a fiat sheet of metal which, when rolled up into a 
cylinder, will form the surface of the vertical pipe, with the open- 
ings already cut for the entrance of the Bmaller pipes. Before 
developing the large cylinder, it must be considered as cut on the 
straight element BB'. After the pipe is formed from the develop- 
ment used as a pattern, the element BB" will he the location of a 
longitudinal seam. 

A rectangle. Fig. 76, is first drawn, the height BB' being equal 
to tiie height of the cylinder and the horizontal length being equal 
to the circumference of the base BCDA. (This length may be best 
found by Mr. Pierce's method, which gives the half-length, BD.) 
On the drawing. Fig. 60, the base BCDA must be divided into 
equal parts, 24 parts being usually taken, as they correspond to 
arcs of 15", which are easily and accurately constructed with the 
draftsman's triangles. Only 6 of these 24 parts are required to be 
actually marked on Fig. 60, as the figure is doubly symmetrical 
and each quadrant is similar to the others. On Fig. 76 the line 
BCDAB is divided into 24 parts also, the numbering of the lines 
of division running from to 6 and back to for each half-length 
of the development. In V of Fig. 60, draw the elements corre- 
sponding to the points of division. The elemnt IV already drawn 
corresponds to No. 4, and BS and CC correspond to Nos. and S. 
The others are not drawn in Fig. 60, to avoid complicating the 
figure, but would have to be drawn in practice before constructing 
the development. On the four elements which are numbered 4 on 
the development. Fig. 76, lay off the distances Ir equal to Ir in 
Fig. 60. On the two elements, Fig. 76, numbered 6, lay off Cc or 
Aa equal to Cc of Fig. 60, and imagine the proper distances to he 
laid off on elements numbered 3 and 5. Smooth curvte through 
the points thus plotted are the ovals which must be cut out of the 
sheet of metal to give the proper-shaped openinp for the small 
pipes. 

When it is known in advance that the surface of such a cylinder 
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as that in Pig, 60 mnst be developed, it is often possible to bo 
chooee the system of auxiliary intersecting planes used to define 
the curve of intersection as to give the required equally spaced 
straight elements for the development. 

The smaller cylinder may be developed in the same way. A new 
system of equally spaced Btraig^t elements would probably have to 
be chosen for this cylinder. 

8S. Development of a Right CircTilar Cone. — The cone of Fig. 
63 has been selected for this illustration. Imagine it to be cut on 
the element PB and flattened into a plane. The snrfaoe takes the 
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form of a sector of a circle, the radius of the sector being the slant 
height of the cone (or length of the straight element), and the arc 
of the sector being equal in length to the circumference of the base 
of the cone. Several means of finding the length of the arc of the 
sector are available. 

The most natural method is to rectify the circumference of the 
base and then, with the slant height aa radius, to draw an arc and 
to lay out on the arc a length equal to this rectified circumference. 
In Fig. 63 suppose that the serai-circumference ABC (in fi) has 
been rectified by Pierce's method. In Pig. 77 let an are be drawn 
with radius PB equal to PB in S. Fig. 63, and from B draw a 
tangent BE equal to one-half the rectified length of the semi-cir- 
cumference. Find the arc BO equal to BE by tiie method of Art 
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83, Fig. 75. BC is OBe-fourth of the required arc, and corresponds 
to the quadrant BC in H. Fig. 63. Divide the arc BC and the 
quadrant BC into the same number of equal parts, nnmbering 
tliem from to 6, if 6 parts are chosen. Eepeat the divisions in 
the arc CD (equal to BC), Dumbering the points of division from 
C down to 0, this duplication of numbers being due to the symmetry 
of the H projection of Fig. 63, about the line APC. In Fig. 63, 
as in Fig. 77, the points to 6 are all supposed to be joined to P, 
the only straight elements actually shown there being PO, Pi, and 
P&. 

On the elements Pi of the development lay off the true length 
of the line Pt (and the true lengtti of the line Pt' also). Pt is an 
oblique line, but if its H projector-plane (Pt in H, Fig. 63) be 
revolved up to the position Pm, the point i in V moves to m, and 
Pm is the true length of Pt. The distance Pg (Y, in Fig. 63) is 
laid off on P6 of the development. 

When the proper distances have been laid off on the elements 
PH, P3 and P5, a smooth curve may be drawn through the points. 
The sector, with this opening cut in it, ia the pattern for forming 
the cone out of sheet iron or any thin material. 

If the ratio of PA to P'A in V> Fig. 63, can be exactly deter- 
mined, the most accurate method of getting the angle of the sector is 
by calculation, for the degrees of arc in the development are to the 
degrees in the base of the cone (360°) as the radius of the base of 
the cone is to the slant height. In this case P'A is i PA. The 
sector in Fig. 75 subtends gx360°, or 216°. In the use of this 
method a good protractor is required to lay out the arc. 

Problems IX. 

90. Draw an arc of 60° with 10 units radius. At one end draw 
a tangent and on the tangent lay off a length equal to the given 
arc. On the tangent lay off a length of 8 units, and find the length 
of arc equal to this distance. 

91. An are of 13 units radius, one of 9 units radius, and a 
straight line are all tangent at the same point. Find on the tan- 
gent the straight line equal in length to 45° of the large arc. Find 
the length on the other arc equal to this length on the tangent and 
show-that it is an arc of 60°. 
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92. Rectify a semicircle of 10 units radiue and compare this 
length with the calcnlated length, 31.4 units. 

93. A rectangle 31.4 iiiiits by 13 units is the developed area of a 
cylinder of 10 units diameter. A diagonal line is drawn on the 
development, which is then rolled into cylindrical form. Plot the 
form taken by the diagonal and show that it is a helix of 13 units 
pitch. 

94. A right circular cone has a base of 10 units diameter, and 
a vertical height of IS units. Its slant height is 13 units. Calcu- 
late the angle of the sector which is the developed surface of the 
cone. Find this angle by rectifying the circumference of the base 
of the cone, and by finding the arc equal to the rectified length. 
(This last operation must be performed on one-third or one-quarter 
of the rectified length, to keep the accuracy within one-tenth of 
one per cent.) 

95. A semicircle, radius 10 units, is rolled up into a cone. What 
is the radius of the base? What is the slant height? What is the 
relation between the area of the curved surface of the cone and the 
area of the base ? 

96. A right circular cylinder, such as Fig. 49, is of 7.59 units 
diameter, and 12 units height. It is intersected by a plane per- 
pendicular to V through the points G and A'. Dravr plan, front 
elevation and the development of the surface. 

97. A right circular cone, like that of Fig. 51, has its front ele- 
vation an equilateral triangle, each side being 10 unit« in length. 
From Av a perpendicular is drawn to P„C. cutting it at E. If this 
line represents a plane perpendicular to Vi draw the development 
of the cone with the line of intersection of the cone and plane traced 
on the development. 

98. A right circular cylinder, standing in a vertical position, as 
in Fig, 49, diameter 7 units, and length 10 units, is pierced from 
side to side by a square hole 3^ units on each edge, the axis of the 
hole and the axis of the cylinder bisecting each other at right 
angles. Draw the development of the surface. 

99. A sheet of metal 22 units square with a hole II units square 
cut out of its middle, the sides of the hole being parallel to the 
edges of the sheet, is rolled up into a cylinder. Draw the plan, 
front and side elevations of the cylinder. 
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CHAPTER X. 

STAAIQET UHES OF VNLIHITEI) lEKGTH AKD THEIS 

TBACE8. 

86. N^atiTe CoordinatM. — We have dealt only -with pointa Iiet- 
ing poBttlve or zero coordinates, and the lines and planes have been 
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limited in their extent, or, if infinite, hare extended indefinitely 
only in the positive directions. As it becomes necessary at times 
to trace lines and planes in their course, no matter if they cross 
the reference planes into new regions of space, the use and meaning 
of negative coordinates must be explained. The value of the x 
coordinate of a point is the length of the S projector or perpen- 
dicular distance from the point to the side reference plane g. (See 
Figs, 6 and 7, Art, 9.) If this value decreases gradually to zero. 
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the point moves towards S until it lies in S itself. If this value 
becomes negative, it is dear that the point crosses the side reference 
plane into a space to the right of it. 

For example, a point P, having a variable x coordinate, but hav- 
ing its y coordinate always equal to 4 and its z coordinate equal to 
2, is a point moving on a line parallel to the axis of X. If x de- 
creases to zero, it is on S at the point marked P, in Fig. 78. If 
the X coordinate decreases further, reaching a value of —3, it 
moves to the point P in tiiat figure. Fig. 78 is the perspective 
drawing of a point P ( — 3,4,3). The y and z projectors cannot 
project the point P to H *uid V in their customary positions, but 
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project it upon parts of those planes extended beyond the axes of 
Y and Z, as shown. In Fig, 79, the corresponding descriptive 
drawing, it must be understood that the plane H, extended, has 
been revolved with Hj about the axis of X, into the plane of the 
paper, V> ^'^^ S has been revolved as usual about the axis of Z, 
coming into coincidence with V, extended. This "development" 
of the planes of reference is exactly as described in Art. 7. It is 
noticeable that the x coordinate of P is laid off to the right of the 
origin instead of to the left. P* lies, therefore, in the quadrant 
which usually represents no plane of projection, and Pg lies in the 
quadrant which usually represents S- P" lies in its customary 
place, since both y and z, the coordinates which alone appear in S> 
are positive. 
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It is evident that the laws of projection for fl, V *°'i S. Art 
11, have not been altered, but Blmply extended. P» and P„ are in 
the same vertical line; Pv and P, are in the same horizontal line; 
and the construction which connects Pa and P, still holds good. 

In Fig. 79 the space marked S represents not only S but V 
extended as well. 

In Fig. 80 is represented a point P (3, —2, 3), having a negative 
y coordinate. The point is in front of V? at 8 units' distance, not 
behind V- The projection on H? instead of being above the axis 
of X a distancee of 2 units, is below it by the same amount. So also 
the projection on S is to the left of the axis of Z, a distance of 8 
units, instead of the the right of it. After developing the reference 
planes in the manner of Art. 7, plane H, extended, has come into 
coincidence with Vi and plane §, extended, has also come into co- 
incidence with V- Thus the field representing V represents also 
the other two reference planes, extended. 

In Fig. 81 a point P (3, 2,-3) having a negative z coordinate 
is represented. The point is above H 3 units, instead of below Hj 
at the same perpendicular distance. P projects upon V on V 
extended above the axis of X. After developing the reference 
planes, plane ff comes into coincidence witti V extended. P, is 
on S extended above the axis of Y, and therefore after develop- 
ment it occupies the so-called " construction space." 

Points having two or^three negative coordinates may be dealt 
with in the same manner, but are little likely to arise in practice. 

It is evident that subscripts must be used invariably, to prevent 
confusion whenever negative values are encountered. 

87. Graphical Connection Between Pa and P,. — In Figs. 79, 80 
and 81, Pj, and P, are connected by a construction line Pifiif'^* ™ 
a manner which is an extension of that shown by Fig. 7, Art. 9. 
Note that the quadrant of a circle connecting Pi and P, must be 
described always on the construction space or on the field devoted 
to V) never on the fields devoted to H or S. 

88. Traces of a Line of nnlimited Iiength, Parallel to an Axis. — 
A straight line which has no limit to its length, but extends in- 
definitely in either direction, must necessarily hav© some points 
whose coordinates are negative. In passing from positive to nega- 
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tive regions the line must pass throngh some plane of reference 
(having one of its coordinates zero at that point), and the point 
■where it pierces a plane of reference is called the trace of the lino 
on that plane of reference, the word trace being nsed to indicate a 
" track" or print showing the passage of the line. 

Lines parallel to the axes have been used freely already. An H 
projector is simply a vertical line or line parallel to the axis of Z. 
Any perspective figure showing a point P and its horizontal pro- 
jection Pk will serve aa an illustratioD of this line, as PPn in Fig, 
C, Art. 9. 




Fig. 82. 



Imagine PPs to be extended in both directions as an nnlimiteil 
straight line. Then P* is the trace of the line on H- I" Fig- '''i 
the point P» itself is the H projection of the line. Pt-e, extended 
in both directions, is the vertical projection and P,f, is the side 
projection. Thus it is seen that a vertical line has but one trace, 
that on the plane to which it is perpendicular. PPo may be taken 
as an illustration of a line parallel to the axis of Y, and PP, of one 
parallel to the axis of X, A better example of this latter case is 
shown intf'igs. 15 and 16, Art. 16. The line BAA,, perpendicular 
to S, lias ire trace on S at A,. 
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89. Traces of an Inclined Straight Line. — An inclined line such 
as AB in Figs. 83 and 83 pierces two reference planes as at ^ and 
B, but as it is parallel to the third reference plane, Si it has no 
trace on S> The peculiarity of the descriptive drawing of this line. 
Fig. 83, is the apparent coincidence of the H a^d V projectiona 
as one vertical line. The S projection is required to determine the 
traces A and B. 

90. Traces of an Ohliqne Stra^l>t 1^«' The H and V Traces. — 
An oblique line, if unlimited in length, must pierce each of the 
reference planes, aince it ia oblique to all three. Any line is com- 
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pletely defined fthen tvo points on the line are given. If two 
traces of a straight line' are given, the third trace cannot be assumed, 
but must be constructed from the given conditions by geometrical 
process. It will always be found that of the three traces of an 
oblique line one trace at least has some negative coordinate. 

As the complete relation between the three traces ia somewhat 
complicated, the relation between two traces, as, for instance, H 
and V traces, must be considered first. Two cases are shown, the 
first by Figs. 84 and 85, and the second by Figs. 86 and 87. The 
line AB ia the line whose tracea are A (5,0,4) and B (3,4,0). 
The line CD is the line whose traces are C (7, 0, 5) and D (3, 4, 0). 
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From the descriptive drawing of AB, Fig. 85, it is seen that the 
H projection of the line cuts the axis of X rertically above the 
trace on V> and that the V projection cute the axis of X vertically 
under the trace on H- It may be noted that the two right triangles 
AkBBv and BvAAn have the line A^B„ on the axis of X as their 
common base. From the deaeriptive drawing of the line CD, Fig. 
87, it is seen that the effect of the vertical trace having a nega- 
tive z coordinate simply puts C (on V) above C», instead of below it. 
The two right triangles ChDDv and DvCCh have the line Ci,Db on 
the axis of X^ as their common base, but the latter triangle is above 
the axis instead of in its normal position. 




91. Trtoei of an Oblique Straigbt Line: The V and S Traces. — 

FigB. 88 and 89 show two lines piercing V and S- 

The line AB pierces V at 4 and S at B. The two right triangles 
A^Br and BbBA, have their common base A,Bv on the axis of Z. 
The line CD pierces V at C and S extended at D, the point D 
having a negative y coordinate. The right triangles CCDv and 
DvDC, have their base DrC, in common on the axis of Z, but in the 
descriptive drawing DvDC, lies to the left of the axis of Z instead 
of to the right, owing to the point D having a negative y coordinate. 
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92. Tracei of an Oblique Straight Line: The H and S Traces. — 

Figa. 90 and 91 show two lines piercing |M and 3- 

The line AB pierces H at -4 and S at B. The triangles A,ABh 
and BkBA, have their common base A,B^ on the axia of Y, Fig. 90, 
but in tlie deflcriptive drawing the duplication of the axis of Y 
cauaes this base A,Bi to separate into two separate bases, one on 
OF* and one on OY,. Otherwise, there has been no change. 

The line CD pierces H at C and g extended at D, the point D 
having a negative z coordinate. In Fig. 90 CCDn and DkDC, have 




their common base 0,Dh on the asia of Y, but in the descriptive 
drawing CDs appears in two places. The triangle DuDC, lies above 
S in the "construction space," or on S extended, since D has a 
negative z coordinate. 

93. Three Traces of an Oblique Straight Line. — Figs. 92 and 93 
show an oblique straight line ABC piercing V at ^, H at B, and 
g extended at C. Since the line is straight, the three projections 
of the line AB^C^, A,B,C and A^BCj, are all straight lines. In the 
perspective drawing, Fig. 92, part of the V projection is on V ex- 
tended and part of the S projection on g extended. 
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In the deacriptive drawing, Fig, 93, the relation between A and 
B is the same as that in Fig. 85, as shown by the two triangles 
A\ABv and B^BAk, or the quadrilateral A^B^B. The relation 
between ^1 and C, as shown by the quadrilateral A,ACtiC, is the 
same aa that between A and B, Fig. 89, as shown by the quadri- 
lateral A,AB^. The relation between B and C, Fig, 93, as shown 
by the two triangles B,BCk and CtCB,, is the same aa that between 
C and D of Fig. 91, as shown by the triangles C,CDs and D^DC^ 
No new feature has been introduced. 




94. Paper Box Diagram. — To assist in understanding Figs. 92 
and 93, a model in space should be made and studied from all 
aides. The complete relation of the traces is then quickly grasped. 
Construct the descriptive drawing. Fig, 93, on coordinate paper, 
using, as coordinates for A, B and C, (15,0,13), (5,12,0), and 
(0, 18, —6), Fold into a paper box after the maimer of Fig. 9, 
Art. 12, Ijaving first cut the paper on some such line aa mn, so that 
the part of the paper on which C is plotted may remain upright, 
aerring as an extension to S- It will be found that a straight wire 
or long needle or a thread may be run through the points .4, B and 
C, thus producing a model of the line and all its projections. 
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95. LiterMcting liaH. — If two lines intersect, their point of 
intersection, vbea projected npon any plane of reference, must 
neceBsaril; be the point of intersection of the projections on that 
plane. For example, a line AB intereectB a line CD at E. Project 
E upon a plane of reference, as H- Then Eh must be the point of 
intersection of A^Bi, and CiJDk. In the same vay Ev must be the 
point of intersection of AvBv and CvDp, and Em of AiB, and C,D,. 

To determine whether two lines given by their projections meet 
in space or pass without meeting, the projectione on at least two 
reference planes must be extended (if neceesary) till they meet. 
Then for the lines themeelves to intersect, the points of intersec- 
tion of the two pairs of projections must obey the rules of pro- 
jection of a point in space (Art, 11). Thus if A»B» and CwD* are 
given and meet at a point vertically above the point of intersection 
of A,^B and CvDv, the two lines really meet at a point whose pro- 
jections are the intersections of the given projections. If tMs con- 
dition is not filled the lines pass without meeting, the intersecting 
of the projections being deceptive. 

96. Parallel liset.— If two lines are parallel, the projections of 
the lines on a reference plane are also parallel (or coincident). 
For, the two lines make the same angle with the plane of pro- 
jection; their projector-planes are parallel; and the projections 
themselves are parallel. 

Thus if a line AB is parallel to another line CD, then AkBi, must 
be parallel to CtJ)>„ A^B„ to GJ)^, and A,B, to C,D,. If the two 
lines lie in a plane perpendicnlar to a plane of projection — for 
example, perpendicular to H — then the H projector-planes coin- 
cide and the H projections also coincide. The V and S projections 
are parallel but not coincident. 

If two lines do not fill the conditions of intersecting or of parallel 
lines, they must necesBarily be lines which pass at an angle without 
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Problmu X. 

100. Plot the pointe A (8,6, -4), 5 (7, -3,5), (7 (-7,0, 12). 

101. Plot the points A (6, -10, 3), S (0,0,-8), (-6,5,4). 

102. Make a descriptive drawing of a line 36 units long from 
the point P ( — 8,4,9), perpendicular to S- What traces does it 
have? What are the coordinates of ite middle point? 

103. A line is drawn from P (12,5,16) perpendicular to H- 
Make the descriptive drawing of the line, and of a line perpen- 
dicular to it, drawn from Q (0, 0, 8). What is the length of this 
perpendicular line, and where are ita traces? 

104. A, straight line extends from A (8, 13, 0) through D 
(8, 6, 8) for a distance of 20 units. Make the descriptive drawing 
of the line. Where are its traces and its middle point? 

105. A straight line pierces H at A (8,6,0) and V at B 
(8, 0, IS). Draw its projections. Where is its trace on S? What 
are the coordinates of 7), its middle point? 

106. A straight line extends ifrom E (15,6,16) through A 
(3, 6, 0) to meet S- Make the descriptive drawing and mark the 
traces on ff and §. 

107. Draw the lines A (16, 11, 8), B (4, 8, S) ; C (12, 5, 10), 
D (0,3,4); and E (11,3,0), F (5,15,8). Which pair meet, 
which are parallel, and which pass at an angle? What are the 
coordinates of the point of intersection of the pair which meet? 

108. ThepointsA (8,0,12), B (0,8,6) and C (-8,16,0) are 
the traces of a straight line. Make the descriptive drawing of Qie 
line. 

109. The points A (8, -4,0), D (4,4,6) and E (2,8,9) are 
on a straight line. Find the trace B where it pierces V ^ni the 
trace C where it pierces S- 
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CHAPTER XI. 
FLAKES OF UNUHITED EXTENT: THEIE TKACES. 

97. Tracei of Horizontal and Vertical Flanei. — ^The lines of 
intersection of a plane with the reference planea are cqlled its 
traces. Planes of unlimited extent may be of three kinds, parallel 
to a reference plane, inclined, or oblique. Unlimited planes of the 
first two cksaes have been dealt with already, but for the sake of 
precision may be treated here again to advantage. 

A horizontal plane is one parallel to f\, and the trace of such a 
plane on V is a line parallel to the axis of X, and the trace on § 
is a line parallel to the axis of Y. These traces meet the asia of Z 
at the same point and appear on the descriptiye drawing as one 
continuous line. There is. of course no trace on H- Ii Fig- 58, 
Art. 67, the plane T, represented by its traces T'T on V and TT" 
on S, is a horizontal plane. These traces are not only the intersec- 
tions of T with H and S, but T is " seen on edge " in those views.- 
Every point of the plane T, when projected upon V> ''^8 somewhere 
on the line T'T, extended indefinitely in either direction, 

A vertical plane parallel to V has for its traces a line on- H 
parallel to the axis of 2C, and on S ^ 11^^ parallel to the axis of 
Z, with no trace on V- These traces meet the axis of Y at the 
same point, and appear on the descriptive drawing as two lines at 
right angles to this axis, the point on Y separating into two points 
as usual. In Fig. 57, Art. 66, a vertical plane R, parallel to Vi ^ 
represented by its traces R'R on H and RR" on §. 

A vertical plane parallel to S has for its trace on Jf a line paral- 
lel to the axis of Y, and for its trace on V a line parallel to the 
axis of Z, with no trace on S- These traces meet the axis of X at 
the same point and appear on the descriptive drawing as one con- 
tinuous line. 

98. Traces of Inclined Planes. — Inclined planes are those per- 
pendicular to one reference plane, but not to two reference planea. 
The auxiliary planes of projection have been of this kind. In 
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Fig, 80, Art. 32, the plane HJ, perpendicular to H. lias the line 
MX for its trace on H, and XN for its trace on V- In the de- 
Bcriptive drawing, Fig. 21, MX and XNb are these tracee. 

If in Fig. 20 both JJ and S ^^ imagined to be extended towards 
the eye, they will intersect in a line parallel to OZ. This S trace 
will be on S extended, and every point of it will have the same 
negative y coordinate. Of the three traces of U, two are vertical 
lines, and one only, MX, is an inclined line. The plane in Fig, 64, 
Art, 74, may be taken as a second example of an inclined plane 
perpendicular to ff- The trace on S 'S not a negative line in this 
case, but is a vertical line' on S to the right of the axis of ^ at a 
distance equal to OJ. 

In Fig. 57, Art. 66, IJ, JK and EL are the three traces of an 
inclined plane perpendicular to V. In every case of an inclined 
plane the inclined trace is on that reference plane to which it is 
perpendicular, and shows the angles of the inclined plane with one 
or both of the other reference planes. 




96. Traces of an Oblique Plane: All Tracea "Fositive," — The 

general case of an oblique plane is shown in Fig. 94. The piano 
P is represented as cutting the cube of reference planes in the lines 
marked PH, PV and PS. These lines are the traces of the plane 
P, and may be understood to extend indefinitely, the plane itself 
extending in all directions without limit. They are shown limited 
in Pig, 94 in order to make a more realistic appearance, PH, PV. 
and PS are used to define the three traces. 
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Where PS and PV meet we have a point common to three planes, 
P, H «nd V- Since it is common to H and V it is on the line of 
intersection of H and V* or in other words it is on the axis of X. 
This point is marked o. In the same way PR and PS meet at h 
on the axis of Y, and PV and P8 meet at c on the axis of Z. 

The descriptive drawing. Fig. 95, is obvious from the explana- 
tion of the perspective drawing. From Fig. 95 it is evident that 
if two traces of a plane are given the third trace can be determined 




Fig. 96. Pw. 97. 

by geometrical construction. Thus, if PH and PV are given, PS 
may be defined by extending PH to 6 on the axis of Y and extend- 
ing PV to c on the axis of Z. The line joining be is the required 
trace of the plane on S- If *ny two points on one trace are given, 
and any one point on a second trace, the whole figure may he com- 
pleted. Thus any two points on PR define that line and enable a 
and 6 to be found. A third point on PV, taken in conjunction ■ 
with a, defines PV, and enables c to be located, he, as before, 
defines the trace PS. This is an application of the general prin- 
ciple that three points determine a plane. 
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100, Traees of an Oblique Plane: One Trace "He^tiTe." — In 

Figs. 94 and 95 the plane P has been bo selected that all traces have 
poaitive positions. These are the portions usually drawn. Of ' 
course each trace may be extended in either direction, points on 
the trace then having one or more negative coordinates. Any 
trace having points all of whose coordinates are positive, or zero, 
may be called a positive trace. 

In Fig, 96 a plane P is shown, intersecting Jf and V in tlie 
" positive " traces PH and PV. The third trace, P8, in this case, 
has no point all of whose coordinates are positive. In the descrip- 
tive drawing, Fig. 97, the two positive traces, meeting at a on the 
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axis of X, are UBually considered as fully representing the plane P. 
Prom these lines PH and PY, alone, the imagination is relied upon 
to " see the plane P in space," as shown by Fig. 96. 

In Fig. 98, the plane Q is represented. Ordinarily the positive 
traces QV and ^5, meeting at c on the axis of Z, are the only 
traces shown in the descriptive drawing, Fig. 99, and are considered 
to indicate perfectly the path of the plane Q, 

101. Position of the Negative Trace. — The negative trace PS, 
in Fig. 96, is shown as one of the edges of the rectangular plate 
representing the unlimited plane P. This line PS has been de- 
termined by extending PK to meet the axis of Y (extended) at 
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b, and by extending PV to meet the arls of Z (extended) at c. 
The line joining b and c is the trace PS. It will be noted that in 
finding the location of PS in Fig. 97, PV has been Extended to cut 
the axis of Z (extended up from ZO) at c and PH has been ex- 
tended to cut the axis of Y (extended down from YO) at 6. 6 
has been rotated 90° about the origin, and the points b and c thus 
plotted (on S extended) have been found to give the line PS. 
Every step of the process and the lettering of the figure have been 
similar to tiiose used in finding PS from PS and PV in Art. 98, 

In Fig. 98, the negative trace is QH, the top line of the rect- 
angular plate representing the unlimited plane Q. QS has been 
determined as follows: QV extended meets the axis of X extended 
at a, and QS extended meets the axis of Y extended at 6, The line 
ab is therefore the trace on H, or QH. In the descriptive drawing 
the same proceBs of extending QV to a and QS to 6 determines the 
line QH, a line every point of which has some negative coordinate. 
Of course QH must be considered as drawn on parts of the plane 
H extended over y, g, and the so-called construction space. In 
finding the negative traces, it is imperative to letter the diagrams 
uniformly, keeping a for the intersection of the plane with the axis 
of X, b for that with the axis of Y, and c for that- with the axis of 
Z. With this rule b will always be the point which is doubled by 
the separation of the axis of Y into two lines, and the arc ib will 
always be described in the construction space or in the quadrant 
devoted to V> never in those devoted to H ^u^d S- 

102. Parallel Planes, — If two planes are parallel to each other, 
their traces on ff, V imd S are parallel each to each. This prop- 
osition may be proved aa follows: If we consider two planes P 
and Q parallel to each other and each intersecting the plane H, the 
lines of intersection with H (PH and QH) cannot meet, for, if 
they did meet, the planes themselves would meet and could not then 
be parallel planes, PH and QH must therefore be parallel lines 
described on H- Thus, if a plane P and a plane Q are parallel, 
then PH and QH are parpllel, PV and QV are parallel, and PS 
and QS are parallel. 

The method of finding the true length of a line by its projection 
upon a plane parallel to itself, treated in Chapter III, is really the 
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process of passing a plane parallel to a projector-plane of the given 
line. Thus in Fig. 21, Art. 22, the auxiliary plane \] has its hori- 
zontal trace ZM parallel "to AhB,,, and the vertical trace of the H 
projector-plane, if drawn, would be parallel to XNv 

103. The Plane Contalnii^ a OiTen Line. — If a line lies on a 
plane, the trace of the line on any plane of reference (the point 
where it pierces the plane of reference) must lie on the trace of the 
plane on that plane of reference. Thus, if the line EF, Fig. 100, 
lies on the plane P, then A, the trace of EF on fij H^b on PS, the 
trace of F on H; ai'i S, the trace of EF on V. lies on PT, the 
trace of F on V- 




Fio. 100. 
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From this fact it follows that to pass a plane which will contain 
a given line it Is necessary to find two traces of the line and to pass 
a trace of the plane through each trace of the line. As an infinite 
number of planes may be passed through a given line, it is neces- 
sary to have some second condition to define a single plane. For 
example, the plane may be made also to pass through a given point 
or to be perpendicular to a reference plane. 

In Fig, 100, if only the line EF is given and it is required to pasa 
a plane P, containing that line, and containing also some point, 
as o, on the axis of X the process Is as follows : Extend the line 
EF to A and B, its traces on H and V- Join Ba and aA. These 
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are the traces of the required plane P. In the deacriptive drawing. 
Fig. lOl, the corresponding operation is performed. A and B 
must be determined as in Art. 90, and joined to a. These lines 
represent the traces of a plane containing the line EF and fee 
chosen point a. 

To pass a plane Q containing the line EF and also perpendicular 
to H {Figs. 100 and 101), the trace of § on H must coincide with 
the projection of EF on f|, for the required plane perpendicular to 
H is the fl projector-plane of the line. Its traces are therefore' 
AB^ and B^B. 

The traces of a plane containing EF and perpendicular to V are 
BAv and A^A. 

104. The Line or Point on b Oiven Plane. — ^To determine whether 
a line lies on a given plane is a problem the reverse of that just 
treated. It amounts simply to determining whether the- traces of 
the line lie on the traces on the plane. Thus, in Fig. 101, if FY 
and PH are given, and the line EF is given by its projections, the 
traces of EF must be found, and if they lie on PS and FV the line 
is then known to lie on the given plane P. 

To determine whether a given point lies on a given plane is 
almost as simple. Join one projection of the point with any point 
on the corresponding trace of the plane. Find the other trace of 
the line so formed, and see whether it lies on the other trace of the 
given plane. Thus in Fig. 101, if the traces PH and PV and the 
projections of any one point, as E, are given, select some point on 
PH, as A, and join E^A and EtAv. Find the trace B. If it Ilea 
on PV, the point J? itself lies on P. 

To draw on a given plane a line subject to some other condition, 
such as parallel to some plane of reference, is always a problem in 
constructing a line whose traces are on the traces of the given 
plane, and which yet obeys the second condition, whatever it may be. 

105. The Plane Containing: Two Given Lines. — From the last 
article, if a plane contains two given lines, the traces of the plane 
must contain the traces of the lines themselves. The given lines 
mnst be intersecting or parallel lines, or the solution is impossible. 

In Fig. 102 two lines, AB and AC, are given by their projections. 
They intersect at A, since Ai,, the intersection of the H projections, ' 
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la vertically above Av, the intersection of the V projections. Ex- 
tend the lines io E, F, Q aniJ H, their traces on H and V- Joi" 
the H traces, E and Q, and produce the line also to a on the axis 
of X. Join the V traces, H and F, and extend the line HF also 
to a. Ea and aH are the traceg of a plajie P containing both Hnee, 
AB and AC. The meeting of the two traces at a is a test of the 
accuracy of the drawing. 

This process may be applied to a pair of parallel lines, but not of 
course to two lines which pass at an angle without meeting. 




106. The Line of Inteneotioa of -Two Flaaes. — If two planes 
P and Q are given by their traces, their line of intersection must 
pass through the point where the H traces meet and the point 
where the V traces meet. Thus, in Pig. 103, PH and QH meet 
at A and PV and ^7 meet at B. A and B are points on liie 
required line of intersection of P and Q, and since -4 is on H *^d 
B is on Vj they are the H and V traces of the line of intersection. 
ABk and BA„ are therefore the projections, and should be marked 
PQt and PQ^. 
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107. ^cial Case of the Intersection of Two Flanea: Two Traces 
Parallel. — ^The construction must be varied a little in the special 
ease when two of the traces of the planes are paraUel. In Fig, 104 
the traces PV and QV are parallel. In carrying out the construc- 
tion as in Fig. 100, it is necessary to join A, with B. But the 
point B is the intersection of PV and QV, which are parallel, and 
is therefore a point at an infinite distance in the direction of those 
lines, as indicated by the bracket on Fig. 104. To .join Av with B 
at infinity means to draw a line through Av parallel to PV and QV. 



™IHI^^ 




OH 


X 




~"\ \ 


^1. 


^^ ^ ■ 


^ PO, « 


U "^ 




pp% 


PV 


> s 


«vv ^ 





Pia. :05. 

From B, at infinity, a perpendicular must be supposed to be drawn 
to Uie axis of X, intersecting it at B\. B\ is therefore at an infinite 
distance to the right on the axis of X (extended). To join the 
point A with the point i?» means, therefore, to draw a line through 
4 parallel to the axis of X. These lines are the required projec- 
tions of PQ. 

108. Special Case of the Inteneotion of Two Planes: Four 
Traces Parallel.— Another special case arises when the four traces 
(on two planes of projection) are parallel. It is then necessary to 
refer to a third plane of projection. In Fig. 105 the planes P and 
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Q have their four traces on JH and V all parallel. The planes are 
inclined planes perpendicular to g, and if their traces are drawn 
on S> their intersection is the line PQ. In S both P and Q are 
" seen on edge," so their line of intersection is " seen on, end," 
Prom PQt, PQo and PQn are drawn by projection. 

109. The Point of Intersection of a Line and a Plane. — The 
simple cases of this problem have been previously explained and 
osed. If the plane is horizontal, vertical or inclined, there is 




FiQ. 105. 

always one view at least in which it is seen on edge. In that view 
the given line is seen to pierce the given plane at a definite point 
from which, by the rules of projection, the other views of the point 
of intersection are easily determined. Thus in Fig. 27, Art, 38, 
the point a, where PA pierces the plane KL, is determined first in 
V and then projected to H and S- 

The general ease of this problem may be solved as in Fig. 106. 
A plane P is given by its traces PH and PV. A line AB is given 
by its projections. It is required to find where AB pierces P. The ■ 
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Bolutioa is as follows : Let a plane perpendicular to V be passed 
through the projection At£v. According to Art 103 the traces of 
this plane are BpFv and FvF. Draw the line of intersection of this 
plane with the plane P (Art. 106) as follows: BvF„ and PV in- 
teraect at E. F and E are the traces of the line of intersection of 
the two planes. Complete the drawing of the line of intersection, 
in H, as FEi. 

Eeferring to the horizontal projection, 4*5* is seen to intersect 
FEn, the H projection of tlie line of intersection, at Wk. Since 
both FE and .45 are lines which lie in the vertical projector-plane 
dirough AB, this point of intersection, Wt, is the projection of the 
true point of intersection, W, of those two lines. From TP» project 
to Wv for the other projection of TF. This point IF which lies on 
P and is on the line AB is the required point. 

Problema ZI. 

(For blackboard or cross-section paper or wire-mesh cage.) 

ilO. Plot the point A (4,7,9). Pass a horizontal plane P 

through the point A, and draw the traces of P. Also a vertical 

plane Q, parallel to V) and draw its traces. Also an inclined plane 

R, perpendicular to H. making an angle of 45° with OX. 

111. Plot the line A (8,2,4), B (2,6, IC). Pass an inclined 
plane P perpendicular to H through this line and draw the traces 
of P. At C, the middle point of AB, pass a plane Q perpendicular 
to P and to H, and draw QH and QY. 

112. The plane P cuts the axes at the points a (10,0,0), 
h (0, 5, 0) and c (0, 0, 15). Pass a plane Q parallel to P, through 
the point o' (6,0,0). 

113. A plane P has its trace on ff through the points 
A (12,13,0) and h (0,6,0). 1\& trace on V passes through the 
point e (0, 0, 12). Draw the three traces. Draw three traces of a 
plane Q, parallel to P tiirough the point <f (3, 0, 0). 

114. An indefinite line contains the points A (11,2,6) and 
B (5,6,0). Pass a plane P perpendicular to H containing this 
line and draw the traces PH. PV and PS. Pass a plane Q con- 
taining this line and the point o' (3,0,0). Draw the traces QH 
and QV, Draw the negative trace ^5 on S extended over H- 
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115. A plane P cute the axis of Z at a (4, 0, 0) , the axis of Y 
at 6 (0, 6, 0), aod the axis of Z at c (0, 0,-12). Draw its traces. 
Draw the V ^^^ S traces of a plane Q parallel to P and containing 
thelineA (1,4, 11), £ (4, 1, 14). 

116. An inclined plane, perpendicrilar to Hi ^"8 for Its V ^'^^ 
S traces lines parallel to OZ at poeitive distances of 15 and 5 units. 
An inclined plane Q perpendicular to H has 't« V and S traces 
parallel to OZ at distances of 12 units and 8 units. Draw all three 
traces and the projections of PQ, their line of intersection. 

117. Draw the traces of a plane P, containing the points 
A (8,1,3), B (4,5,1) andC (2,4,3). Does the point D (4,1,5) 
lie on this plane? 

. 118. The traces of a plane P are lines through the points 
a (10,0,0), 6 (0,15,0) and E (14,0,6). A plane Q has ita 
traces ttirongh the points a' (2,0,0), E, and F (7,5,0). Draw 
the projections of their line of intersection, PQ. 

119. The plane P cuts the axes at a (13, 0, 0), ft (0, 12, 0) and 
c (0, 0, 12). Where does the line E (1, 5, 12), L (5, 3, 6) pierce 
the plane? 
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CHAPTER XII. 

VAUIOTJS APPLICAnONa 

110. Traces of an Incliiied Plane Perpendicular to an Obliqva 
Plane. — One of the most general devices used in the drafting room 
is the auxiliary plane of projection, and it is often advantageous 
to pass this plane perpendicular to some plane of the drawing in 
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Fio. 107. 



M. 108. Fig. 109. 



order to get the advantage of showing that plane " on edge." Thus 
in Fig. 31, Art. 42, the plane U has been taken perpendicular to 
the long rectangular faces of the triangular prism, in order to 
show clearly where BB" and DD' pierce those planes. The manner 
of passing the plane U was fairly clear in that case from the 
simplicity of the figure. However, as it is not always clear how to 
pass a plane perpendicular .to an oblique plane, the general method 
may well be explained here. In Fig. 107 the plane F, previously 
shown in Fig, 94, is represented, and an auxiliary plane Ui Per- 
pendicular to it and to H, is shown. The traces of P are PH, PV 
and P8 as before, and the traces of HJ are UE and US. It must 
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be understood that the H traccB of these planes, Pff and XJH, are 
perpendicular to each other, as tliis condition ie essential if P and 
U are to be planes perpendicular to each other. 

Fig. 108 is the deacriptive drawing corresponding to the per- 
spective drawing. Fig. 107. At some point h on PH a line Md\ 
has been drawn perpendicular to PH. This line is the inclined 
trace of a plane U perpendicular to H- The other traces of \} are 
parallel to the axis of Z (Art. 98). One of these, the trace on"S, 
is shown by the line d,N„ parallel to OZ, d* and d, being two 
representations of the same point d in Fig. 107, just as 6» and 6, 
represent the point fc, duplicated. Mdn may be called JJS and dj:}, 
may be called VS. UH and US are the traces of an inclined plana 
HJ) perpendicular to the oblique plane P. 

The proof that P and- U are perpendicular to each other is as 
follows: If, in Fig. 107, a line hh' is drawn perpendicular to H 
at the point h, it will lie in the plane HJ. The angle ahh' will 
then be an angle of 90°, and by construction the angle ahd is also 
90°, Thus the line ah is perpendicular to two intersecting lines de- 
scribed in the plane U and is therefore perpendicular to U itself. 
The plane P contains the line PH and is thus perpendicular to \J. 

111. An Auxiliary Plane of Projection Perpendicnlar to an 
ObIi([ne Plane. — ^To utilize the inclined plane (J as an auxiliary 
plane of projection, its developed position must be shown by drawing 
diNs perpendicular to Vff. This line is the duplicate position of 
d,Nt or US. In developing the planes, U is first revolved on UH 
as an axis<nto the plane of I^i as shown in Fig. 109, and then with 
H into the plane of the paper, V- The trace of P on U, or PU, is 
the line of intersection of the planes, and is shown clearly in Fig. 
107. This line passes through h where PH and UH meet, and 
through s where PS and US meet. In Fig. 108, d^s is laid off on 
d^Na, equal to d,s, and the line Its is the required. trace of P on U. 
or PU. The actual line PU, in Fig. 108, is only that part of PU, 
in Fig, 107, which is between h and s, shown as a broken line. 

The important part in this process is that U is taken perpen- 
dicular to P.. so that P is " seen on edge " on U. By this process 
the plane P, which is oblique when fj, V &°d S *™ considered. 
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becomes an inclined plane when only H And U tire considered. 
Ab it is easier to deal with inclined than with oblique planes, we 




may now treat P aa inclined to H and perpendicular to JJ in 
further operations. 

Fig. 108 is well adapted to making a paper box diagram which, 
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when folded, will give inost of the lines of Fig. 107. To reconstrnct 
Fig. 108, plot the points a (18,0,0), 6 (0,18,0), c (0,12,0), 
d (0,6,0), h (6,13,0) and s (0,6,8). The line d^N, is at an 
angle of 45° with ZOYk and the construction space Y,Od)^N^ can 
be folded away inside by creaaing or cutting it on several lines. 

112. Intenection of an Oblique Plane and a Cylinder. — An ex- 
ample of the use of an auxiliary view on which an oblique plane in 
seen on edge is shown in Pig. 110. An inclined cylinder is inter- 
sected by an obliqne plane P given by its traces PH, PV and PS. 
It is required to describe on the cylinder the curve of intersection 
of the plane and the cylinder. The solution is as follows: An 
auxiliary plane 0, perpendicular to P and to H> is chosen, and 
PU is drawn upon 5J as in Fig. 108. PU is the view of P " seen on 
edge " in U- Auxiliary cutting planes parallel to H are used for 
the determination of the required line of intersection. The traces 
of one of the planes are drawn, as TT in V, TT" in S> and T"T"' 
in U- This latter trace is parallel to di,M (or VII), because T is 
parallel to M, and the distance d^T' is equal to d>T" in S- T"T"' 
cuts the axis of the cylinder at p. p is projected to ff, and the 
circular element described in H) with p as a center, Ib the inter- 
section of the auxiliary plane T and the cylinder. In \J the planes 
P and T are both " seen on edge." intersecting in a line " seen on 
end." This point projected to fj gives this line of intersection of 
P and T as it'. 

The intersections of the intersections are therefore the points i 
and t', where the circle and the straight line meet. 

113. The Angle between Two Oblique linei. — This problem of 
finding the angle between two oblique lines ia shown in Fig. 111. 
Let two lines AB and AC, meeting at A, be given by their H and 
V projections. It is required to find the true angle between them. 

By the process of Art. 105, Fig. 103, the traces of the plane con- 
taining AB and AC are found and tlie lines are all lettered accord- 
ing to Fig. 102. 

An auxiliary plane of projection, Ui i^ passed perpendicular to 
PV, and therefore perpendicular to both P and V> and ia revolved 
into the plane V- The projections of AB and AO on this plane 
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fall in the aingle line AuCuB^, eince P, the plane of the lines, is 
" seen on edge " on U. A portion of the plane P is now revolved 
about the (J projector of the point A into a. position parallel to 
XM. In U, Cu moves to C'« and B« to B*., revolving about A as 
their center. In V, ^v moves to B'v and Co to C'v, both parallel to 
XM. This is the process of finding the true length of a line by 
revolving about a projector, as in Art, 32. AvB'^ is the true length 




of AB; A^'v is the true length of AC; and B'^AvO'v is the true 
angle between the lines. 

This process makes it possible to find the true shape of any 
figure described on an oblique plane. 

114. A Plane Perpendicular to an Inclined line. — It is often 
advantageous to paaa a plane perpendicular to a line in order to 
nee the plane as a plane of projection, on which the given line will 
be seen on end as a point. The method of passing a plane perpen- 
dicular to an inclined line is shown in Fig. US, Let AB he ao 
inclined line, lying in a plane parallel to V, so that AiBit is parallel 
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to the axia of X. It is required to find the traces of a plane P 
perpendicular to AB, The essential point is that the traces of the 
plane must be perpendicular to the corresponding projections of 
the line. Thns, choose some point p on the inclined projection oi 
the line, in this caae on AvBv, and through p draw a perpendicular 
to AvBv, to serve as the trace of P. At a, where this trace PV 
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meets the axis of X, erect a perpendicular to PH. These lines PV 
and PH ore the traces of an inclined plane perpendicular to AB 
and to V- It is noticeable that the inclined trace of the plane ia 
on that reference plane which shows the inclined projection of the 

line.* 

*A proof that P is perpendicular to AB is as follows: AB 
is the line of intersection of its own H projector-plane, and its 
own V projector-plane. P is perpendicular to both these projector- 
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115. Application of a Plane Perpendicular to a Line. — ^In Fig. 
113 an application of an inclined plane perpendicular to an in- 
clined line is made for^he purpose of finding the line of intersection 
between an inclined cone and an inclined cylinder whose axes do 
not meet. 



If from P, the vertex of the cone, a line Pp is drawn parallel to 
QQ', as shown, any plane which contains this line and cuts both 

planes. For, P ig perpendicular to V snd therefore to the H pro- 
jector-plane, which is parallel to Vi the V projector-plane is per- 
pendicular to V- 80 that it is seen on edge on V jnst as is P itself; 
apAv is therefore the tme angle between these two planes, and by 
construction is a right angle. P is therefore perpendicular to both 
projector-planes and therefore to the line AB, which is their lino 
of intersection. 
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surfaces vill cut only eimple elements of the surfaces. For such 
a' plane contains the vertex of the cone, and therefore, if it cuts 
the cone, will cut it in straight elements; and such a plane ia 
parallel to QQ', and therefore, if it cuts the cylinder, cut* only 
straight elements. No other planes can be found which cut simple 
elements and can be used to determine the line of intersection. 

If a plane HJ is passed perpendicular to Pp at any point p, and 
■ is used as an auxiliary plane of projection, Pp will be seen on end 
aa the point P, and any plaue R through P, seen oa edge in HJ, as 
ER', will cut only straight elements on the two curved surfaces. 
The complete projections of the cone and cylinder have been shown 
on U, and the plane R enta the bases at a, i, c and d. These points 
projected to V enable the elements to be drawn there, and the 
intersections of the intersections are the four points marked r. 
From V these points are projected to H and S- Two of these 
points r have been projected to the other views to show the neces- 
sary construction lines. 

116. A Plane Ferpendicvlai to an ObUqne line. — To pass a 
plane perpendicular to an oblique line, it is only necessary to draw 
the traces of the plane perpendicular to the corresponding" pro- 
jections of the line. In Pig. 114, let AB be an oblique line. At 
any point on AnBn draw a perpendicular line PH. From a, where 
PH meets the axis of X, draw PV perpendicular to AB.* 

A paper box diagram traced from Fig. 114, or constructed on 
coordinate paper, using the coordinates A (10, 4, 4) and B {6, 8, 2), 
C (2, 12, 0) and D (14, 0, 6), and a (8,'0, 0), will assist materially 
in understanding the problem. 

The oblique plane P is not serviceable as an auxiliary plane of 
projection. 

117. The Application of Axes of Projection to Heohanioal 
Drawings. — Descriptive Geometry is a geometrical science, the 
science dealing primarily with orthographic projectioir, while Me- 
chanical Drawing is the art of applying these principles to tiie 

* The proof of this construction is more difficult than in the 
corresponding case of an inclined line, but it depends as before 
on the line AB being the intersection of its H and V projector- 
planes, and these planes themeelves being perpendicular to P. 
J 
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needs of engineers and mechanics in the pursiut of industries. 
Mechanical Drawing includes therefore many abbreviations and 
conventional representations, which seek to curtail unnecessary 
work and often to convey information as to methods of manu- 
facture and other such commercial considerations foreign to the 
strict scientific study. 

Y 




In Mechanical Drawing many lines necessary to the strict execu- 
tion of a descriptive drawing are omitted aa unnecessary to the 
application of the principles, when once the principles have been 
fully grasped. A noteworthy omission is the axes of projection, 
which, though absent, still govern the rules for making the draw- 
ing. Instead of measuring distances from the axes for every point 
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on the' drawing, the "center liii«B" of the different views (which 
really represent central planes) are laid off and distances from 
these center lines are thereafter used. This is the regular pro- 
cedure in drawing-room practice. That this diilerence is purely 
one of omission is clear from the fact that axes of projection may 
always be inserted in a mechanical drawing. If two views only of 
a piece are presented, any line between them (perpendicular to the 
lines of projection from one view to another) may be selected as 
the axis of X, and any convenient point on that line as the origin 
of coordinates. 

If three views are given, as, for example. Fig. 32, Art. 44, sap- 
posing the axea to be there omitted, a gronnd line XOY, may be 
selected at will, dividing the fields of H and V- The other line 
must be determined as follows: By the dividers take the vertical 
distance from OX to the center line mti, and lay off this distance 
horizontally to the left from the center line of the side elevation. 
The line ZOYh may then be drawn. All y coordinates of points will 
now cheek correctly, measured parallel to the two axes of Y, if th« 
original drawing itself is accurate. 

It ie thus evident that in applying Descriptive Geometry to prac- 
tical mechanical drawing we may fall back upon the use of axes of 
projection whenever the lack of them is felt. 

118. Practical Application of DescriptiTe Geometry. — Many 
draftsmen have picked up a knowledge of Descriptive Geometry 
without direct study of the science. This is largely due to the fact 
that, till very recently, all books on Descriptive Geometry were 
based on a system of planes of projection which are analogous to 
the methods of practical drawing in use on the continent of Europe, 
but which are little used in England, and hardly at all in the United 
States of America. It will be found, however, that in American 
drafting rooms all the usual devices of draftsmen ate applications, 
eometimes almost unconscious applications, of the principles covered 
in the preceding chapters. The favorite device is the application 
of an inclined auxiliar}' plane of projection, suitably chosen ; next 
in importance is the rotation of the object to show some true shape ; 
while other applications are used less frequently. The methods of 
determining lines of intersection of planes and curved surfaces are 
exactly those described in Chapters IV, VII and VIII. 
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Froblema XII. 

(For use on blackboard, with cross-section paper or wire-mesh. 
cage.) 

120. The plane P has its traces through the points o {14, 0, 0), 
6 (0,14,0) and c (0,0,7). Pass a plane Q, perpendicular to P 
and to M, through the point A (5, 7, 0). If ^ is to be used as an 
auxiliary plane oi projection, draw the trace of P on $ when Q has 
been revolved into coincidence with H- 

121. Draw the traces of a plane P cutting the axes at the points 
a (12,0,0), h (0,8,0) and c (0,0,12). Draw the traces of an 
auxiliary plane, U, perpendicular to PH at the point A (3, 6, 0). 
Is the point B (6, 1, 4^) on the plane P? 

132. The H "trace of a plane P passes through the points 
A (12,5,0) and 5 (6,2,0). Its V trace passes through C (9,0,6). 
Pass an inclined plane perpendicular to H and perpendicular to 
P, through the point D (5, 9, 7). 

133. Of a plane P, PH, the horizontal trace, passes through the 
points A (5,3,0) and B (13,9,0), and PV passes through 
C (18, 0, 11), Complete the traces of P and draw the traces of a 
plane perpendicular to PV at the point D (9, 0, 8). Prove that the 
line E (9, 6, 1), F (7, 3, 2) lies on the plane P. 

134. A sphere of radius 7 units has its center at C (8, 8, 8), A 
plane P cuts the ases of projection at a (36,0,0), 6 (0,13,0) and 
c (0,0,13). Pass an auxiliary plane of projection JJ, perpeii- 
dicnlar to H and to P, cutting the axis of X at (i (16, 0, 0), Draw 
the trace of P on U- The circle of intersection of the sphere and 
the plane P is seen on edge in \J. Show the elliptical projection 
of this circle, on H, by passing auxiliary cutting planes parallel 
to U- (If this problem is solved by use of wire-mesh cage, the 
point a is inaccessible, but PH passes through E (16,5,0), and 
PV through F (16,0,5). The plane S' can be turned to serve 
asU) 

125, Find the true shape of the triangle A (3, 2, 6), B (9, 6, 2), 
C (8, 0, 4), Find the traces of two of the sides of the triangle and 
pass the plane U perpendicular to the plane of the triangle and 
perpendicular to ffi BJii through the point D (0,7,0). 
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196. Find the true shape of the triangle il (8,6, 1), B (4,3,9), 
C (10, 2, 3). Find the traces of two of the sides of the triangle 
and pass the plane (J perpendicular to the plane of the triangle 
and perpendicular to H, aod through the point D (0, 1, 0). 

127. Draw the traces of a plane P perpendicular to V and to 
the line A (2,6,9), B (8,6,5) at C (11,6,3). If this plane U 
used as an auxiliary plane of projection, what is the projection of 
AB on it? 

128. Draw the traces of a plane P perpendicular to H and to 
the line A (3,9,6), B (13,4,6), at C (17,2,6), a point on AB. 
(If wire-mesh cage is used for the solution, turn g' to serve as U 
and draw on it the view of A^B,,.) 

129. Draw the three traces of a plane F perpendicular to the 
oblique line A (8, 12, 5), B (14, 3, 7). Show that all three traces 
are perpendicular to the corresponding projections of AB. 
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CHAPTER XIII. 
THE EIEUEKTS OP ISOHETBIC SEETCHINa. 

119. Isometrio Projection. — There is one special branch of 
Orthographic Projection which is of peculiar value for represent- 
ing forms which consist wholly or mainly of plane faces at right 
angles to each other. Ordinary orthographic views are projec- 
tions upon planes parallel to the principal plane facea of the object, 
as shown in Fig. 3, Art. 4. If, however, instead of the regular 
planes of projection, the object is projected upon a new plane of 
projection, making the same angle with each of the regular planes, 
an entirely different result is obtained, called an " isomelric pro- 
jection." This view has the useful property that it has all the air 
of a perspective and may, witli certain restrictions, be used alone 
without other views as a full representation of the object. 

In Art. 21 the method of converting the perspective drawings 
of this treatise into isometric sketches was explained in a rough 
and unscientific way. In this chapter there is explained the method 
of making isometric sketches from models, as a step to making 
orthographic drawings or isometric drawings, 

120. Isometric Sbetcbea of B«ctangiilar Objects. — Figs. 19 and 
19a are the isometric drawings of a cube. Since the line of eight 
from the eye to the point makea equal angles with H, V an^ S. 
the three planes must subtend the same angle at 0. XOY, YOZ 
and XOZ are each 120°, though representing angles of 90" on tlie 
cube. Since opposite edges of H are parallel, it follows that each 
face of the cube is a rhombus and tliat the cube appears as a regular 
hexagon, all edges appearing of ejcactly the same length. This 
fact is the basis of the name " isometric," meaning " equal- 
measured." 

Figs. 115, IIG and 117 are sketches of other objects, all of whose 
comers are right angles. The angles at these comers appear there- 
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fore like those of the cube, either as 60° or 120° on the isometric 
sketch. 

In making the isometric sketch from a model having rectangular 
faces, the first step is to put the object approximately in the iso- 




Position»for Turned 45 Til+ed 35-44- 

Orthoqraphic about a ver+i- about an hon- 

projection. cai dxis. zontal axis. 



Fio. 118. 



Fig. 120. 



metric position. At any projecting corner imagine a line to project 
from the corner so as to make equal angles with the three edges 
which meet at the given corner. View the object by sighting along 
this imaginary line and begin the sketch from that view. 
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If there is any difficulty in finding thie line of vision directly, 
the object may be turned horizontally through an angle of 45° and 
tilted down through an angle of 35° 44'. This operation is the 
basis of the method of finding the " isometric projection." 

Figs. 118, 119 and 120 show the steps in passing from the ortho- 
graphic position to the isometric position, the model nsed being a 
rectangular block with, a lengthwise groove cut in one face, 

121. iBometric Axes. — It will be noticed in the previous iso- 
metric figures that all lines are drawn in one of three general direc- 
tions. One of these directions is usually taken as vertical and the 
other two directions make angles of 120° with the vertical. These 
three directions are known as the isometric axes. In this sense 
the word axis means a direction, not a line. 

In plotting points from a selected origin, the x coordinates are 
plotted up and to the left, the y coordinates up and to the right, 
and the z coordinates vertically downward, as in Fig. 19a. 

122. Isometric Paper. — Paper ruled in the direction of the iso- 
metric axes is called isometric paper, and ia of great assistance in 
making isometric sketches. The lines divide the paper into small 
equilateral triangles. 

In sketching, the aides of these equilateral triangles are taken to 
represent unit distances, exactly or at least approximately. Thns, 
if the model shown in Fig. 120 is a block 3" x 3" x 8'', with a 8" x 1" 
groove lengthwise along one face, some point a on the paper is 
eelected, and from it distances are taken along the isometric axes, 
BO that each unit space represents one inch. 

From a three units are counted vertically downward, eight up, 
and to the right, and one unit, followed by a gap in the. line of one 
unit, and then a second unit, up to the left. Thus all lines of the 
sketch follow the ruled lines as long as the dimensions of the model 
are in even inches. 

An isometric sketch made in this manner, particularly if spaces 
have been exactly counted off according to the dimensions of the 
piece, is practically an isometric drawing. If fully dimensioned, a 
sketch on plain paper proportioned by the eye is nearly as good as 
one in which spaces are coxmted exactly. Such sketches serve aU 
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purposes, though of course more difficult to make than those c 
isometric paper. 



123. Non-Isometrio lines in Isometric Sketching. — Objects 
which have a few faces and edges oblique to the principal plane 
faces may still be shown by isometric sketching. In such cases it is 
always well to circumscribe a set of rectangular planes about the 




oblique parts of the object to aid the imagination. Dimension 
extension lines should be used for this purpose. In using isometric 
paper this squaring up is done by the lines of the paper. 
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FigB. 122, 123 and 124 are good examples of oblique lines and 
faces. Figs. 123 and 124 show also the circumscribed isometric 
lines which " square up " the oblique parts. 

124. Aisles in Isometrio Sketching. — In isometric sketching 
angles do not, as a rule, appear of their true magnitude. Thus the 
90° angles on the faces of the brick appear in Fig, 115 as 60° or 
120°, but not as 90°. In general, the lengths of oblique or inclined 
lines depend on position, and are not subject to measurement by 
scale. 

The lines which square up oblique parts are useful in giving tlSe 
tangent of the angle of an oblique surface. Thus in Fig. 124, the 
angle a diifera in reality from the angle as it appears in either place 
marked, but the tangent of a is ii . In Fig. 123, fl=taD-^ ^ . In 
practice angles are often given by their tangents. Thus the slope of 



Fig. 125. Fia. 126. Fio. 127. 

a roof is given as " one in two " or the gradient of a railroad aa 
" three per cent." 

12S. Cylindrical Snrfacei ia Isometrio Sketching. — In ortho- 
graphic drawings circles appear commonly on planes parallel to the 
three planes of projection. To illustrate the position and appear- 
ance of circles in isometric drawing in the three typical eases. Fig, 
125 representa the isometric sketch of a cube, having a circle in- 
scribed in each square face. 

Each of the faces of the cube is perpendicular to the isometric 
axis given by the intersection of the other two faces. Thus the 
square ABCD is perpendicular to the edge BF. The circle abed. 
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iuBcribed in the Bqnare ABCD, appe&rs as an ellipse, vhose minor 
azifl, ef, lies on the diagonal £D of the square, BD appearing as a 
continnation of the edge FB, In all three cases, then, the minor 
axis of the ellipse lies in the same direction, on the sketch, as that 
isometric axis to which the plane of the circle is in reality perpen- 
dicular. 

The major axis is necessarily perpendicular to the ininor axis, 
and lies on the other diagonal of the square. 

Since the cylinder is the curved surface most used in engineering, 
the rule may be applied to cjlinders as follows : The ellipse which 
represents the circular base of any cylinder must be so sketched 
that ita minor axis is in line with the axis or center line of the 
cylinder. Fig. 136 is an isometric sketch of a piece composed of 
cylinders. All the ellipses are seen to follow this rule. 

In sketching cylindrical parts of objects, it is necessary to im- 
agine them squared np by the use of isometric lines and planes. 
Thus the first steps in sketching the piece of Fig. 126 are shown 
in Pig. 127. The circumscribing of a square about a circle in the 
object corresponds to circumscribing a rhombus abont the ellipse 
in the isometric sketch. It now remains to inscribe an ellipse in 
the rhombus. This eUipse must be tangent to the rhombus at the 
middle of each side. To sketch the ellipse, as for example the small 
end in Fig. 127, draw the diagonals of the rhombus to get the 
directions of the major and minor axes, and find the middle points 
of the sides (by center lines, through the intersection of the diagon- 
als) . It is now easy to sketch the ellipse, having fovr points given, 
the direction of passing through those points, and the directions of 
the major and minor axes. 

126. Isometric Ketchei from Orthographic Sketches. — A good 
exercise consists in making isometric sketches from orthographic 
sketches or drawings. The three coordinate directions, x, y and z, 
must be kept in mind at all times. Fig. 138, as an example, is most 
instructive. From the orthographic sketehes, Fig. 138, the iso- 
metric sketch. Fig. 139, is to be made. A point a is selected to rep- 
resent a point a on the orthographic views. The line oi is an 2 
dimension and is plotted up to the left; at; is a jf dimension, and is 
plotted up to the right ; while ad ia a z dimension, and is plotted 
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vertically downward. The semicircle is inBcribed in a half-rhombus, 
tangent at b, e and f. 



FiQ. 128. Fie. 129. 

The croas-seetioQ lines of Fig, 128 and the isometric lines of Pig. 
139 are represented as overlapping between the figures. Some iso- 
metric paper is ruled in this manner, so that it may be used for 
both purposes. 
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Problemi Xm. 

{For blackboard or isometric paper.) 
130. Make an isometric sketch of the angle piece, Fig. 130, using 
the spaces for 1" distances. 




Fio. 130. 



PiQ. 131. 



131. Measure the tool-chest. Fig. 131, scale, f"=l foot, and 
make a bill of material, tabulating the boards used, and recording 
their sizes, giving dimensions in the order : width, thickness, length, 
thus: 

Hark. K»nie. SliB. Number. 

A. Top of CbeBt. 14" x 1" x 34". 2. 

132. A parallelopiped, 9" x 6" X 3", has a 3" square hole from 
center to center of the largest faces, and a 3" bore-hole centrally 
from end to end. Make an isometric sketch. 

133. Let Fig. 3, Art, 5, represent a model cut from a 13" cube 
by removing the center, leaving the thickness of the walla 3". Let 
the angular point form a triangle whose base is 12" and altitude 8". 
Make an isometric sketch. 
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134. A cube of 10" has a 6" equare hole piercing it centrally from 
one side to the other, and a 4" bore-hole piercing it centrally from 
Bide to Bide at right angles to the larger hole. Make an isometric 
sketch. 

135. A grating is made by nailing alats J"xi''xl2", spaced I" 
apart, on three square pieces, IJ" square, 22" long, spaced 4V' apart 
Make an isometric sketch. 

136. Make orthographic sketches of the bracket. Pig. 133. Views 
required are plan and front elevation. (On cross-section paper use 
the unit distance for the unit of the isometric paper. On black- 
board let each unit of the isometric paper be represented by a dis- 
tance of 2".) 

137. Make isometric sketches of Fig. 11, Art. 14, and Fig. 24, 
Art. 32. 

138. Make iBometric sketches of Fig. 13, Art. 15, and of Fig. 82, 
Art. 89. In Fig. 82 let A be the point (9, 8, 0) and B the point 
(9,0,12). 

139. Make an isometric sketch of Fig. 71, Art. 80, the diameter 
of the cylinder being 7 units and the length 14 units. 

140. Make an isometric sketch of Fig. 93, Art. 93, using the 
coordinates given in Art 94. 
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CHAPTER XIV. 

ISOHETBIC SRAVDra AS AS EXACT STSTEK. 

127. The Isometric Projection on an Oblique Auxiliary Plane. — 
The sketchee previously considered have generally had no exact scale. 
Those drawn on isometric paper have a certain scale according to 
the distance which one nnit space of the paper actually represents. 




If the isometric projection is derived from an orthographic draw- 
ing of the usual kind by the laws of projection, the isometric projec- 
tion &o formed has of course the same scale as the original drawing. 

In Fig. 133 an isometric projection of a cube is derived from the 
orthographic drawing by the use of an inclined plane of projection. 
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U, and an oblique auxiliary plane of projection ^V- '^^ ^ii" 'b 
to produce the projection on a plane making the Bame angle with all 
three edges of the cnbe meetiiig at any one comer. This plane must 
be. perpendicular to a diagonal of the cube. In Fig, 132 this di- 
agonal is the line EG, a-inie diagonal, passing through the center of 
the cube, not a diagonal of one face of the cube. 

The first, or inclined, auxiliary plane (J is taken parallel to the 
V projection of BC, and therefore perpendicular to V iind making 
an angle of 45" with H and g- The projection of EC on U shows 
its true length. 

The second, or oblique, auxiliary plane W is taken perpendicular 
to EC. It is oblique as regards H and \, but, as EC is a line par- 
allel to lU, and W is perpendicular to EC, ^V is perpendicular to 
U- As regards V a°d HJ, W is an inclined plane, having its in- 
clined trace MN on HJ, the trace on V being a line MLio, perpendic- 
ular to ZM, the trace of U on V- The construction of tiiia aecond 
projection is therefore according to the usual methods. Any point, 
as F, is projected by a perpendicular line across the trace MN and 
the distance nF» is laid off equal to mFv 

The projection on W is the isometric projection of the cube and 
is full-size if the plan and front elevation are full-size projections. 
The edges are all foreshortened, however, and measure only yjV of 
their true length. 

128. The Angles of the Auxiliary Planes. — ^The plane QJ makes 
an angle of 45° with the plane ff- The plane W makes an angle 
of 35° 44' with S, or (90° -35° 44') with V- H the side of the 
cube is taken as 1, the length of the diagonal of the face of the cube 
is V2, and the length of the diagonal of the cube is V3. The 
first angle is that angle whose tangent is - - , or whose sine is--^-. 
The second angle is that angle whose tangent is — = and whose sine 
. v'2 

1S9. The Isometrio Fiojeotion by Rotating the Object. — In Fig. 
134 is shown a method of deriving the isometric projection by turn- 
ing the object. The plan, front, and side elevations are drawn with 



n,gt,7cdT:G00glc 



144 Encineerixo Descbiptive Geoufirt 

Qie object turned through an angle of 45° from the natural posi- 
tion (that in which the faces of the cube are all parallel to the 
reference planes). The side elevation ghows the true length of one 
diagonal of the cnbe, AO. Some point on ^G extended, aB K, is 
taken as a pivot, and the whole object is tilted down through an 
angle of 35° 44', bringing AG into a horizontal position, A'G'. The 



new projection of the object in V is the isometric projection. This 
process of turning the object corresponds to the turning of the 
object in isometric sketching, as shown in Figs. 118, 119 and 120. 

The isometric projection of the cube has all eight edges of the 
same length, but foreBhori;ened from the true length in the ratio of 
V3 to V^. 

Any object of a rectangular nature may be treated by either 
process to obtain the isometric projection. 
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130. The Isometrie Drawingr- — To make a practical system of 
drawing capable of representing rectangular objects in an unmis- 
takable manner in one view, the fact that all edges are foreshort- 
ened alike is seized npon, but the disagreeable ratio ef foreshorten- 
ing is obviated by ignoring foreshortening altogether. ■ 

An immetric drawing is one constructed as follows : On three 
lines of direction, called isometric axes, making angles of 120° with 
each other, the true lengths of the edges of the object are laid off. 
These lengths, however, are only those which are mutually at right 
angles on the object. All other lines are altered in shape or length. 
An isometric drawing is distinct from an isometric projection, as 
it is larger in the proportion of 100 to 83 (V3: V2), The iso- 
metric drawing of a 1" cube is a hexagon measuring 1" on each 
edge, 

131,. Bequirement of Perpendicular Faces. — An isometric draw- 
ing, being a single view, cannot really give " depth," or tell exactly 
tJie relative distances of different points of the object from the eye. 
It absolutely requires that the object drawn shall have its most 
prominent faces, at least, mutually perpendicular. The mind must 
be able to assume that the object represented is of this kind, or the 
drawing will not be " read " correctly. Even on this assumption, 
in some cases isometric drawing of rectangular objects may be 
misunderstood if some projecting angle is taken as a reentrant one. 
Thus in Fig. 133 we have a drawing which might be takeii as the 
pattern of inlaid paving or other flat object If it is taken as aa 
isometric drawing and the various faces are assumed to be perpen- 
dicular to each other, it becomes the drawing of a set of cub^. 
Curiously enough, it can be taken to represent either 6 or 7 cubes, 
according as the point A is taken as a raised point or aa a depressed 
one. In other words, it even requires one to know just how the 
faces are perpendicular to each other to be able to take the drawing 
in the way intended. 

This requirement of perpendicular faces limits the system of 
drawing to one class of objects, but for that class it is a very easy, 
direct, and readily understood method. Untrained mechanics can 
follow isometric drawings more easily than orthographic drawings. 
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132. The Bepreseiitation of the Circle. — In executing isometric 
drawings, the circle, projected as an ellipse, is the one drawback to 
the system. To minimize the labor, an approximate ellipse mnst 
be Bubatitnted for an exact one, even at the expense of displeasing 
a critical eye. The system, if used, is used for practical purposes 
where beauty must be sacrificed to speed. In Fig. 135 the rhombus 
ABCD is the typical rhombns in which the ellipse must be inscribed. 
The exact method is shown in Fig. 43, but requires too much time 
for constant use. The following draftsman's ellipse, devised^ to be 
exactly tangent to the rhombus at the middle point of each side, is 
reasonably accurate. From B, one extremity of the short diagonal 
of the rhombus, drop perpendiculars Bd and Be upon opposite 
sides, cutting the long diagonal at k and I. With S as a center and 
Bd as a radius, describe the arc dc. Similarly, with D as a center, 
describe the arc ia. With k and I as centers, and Ard as a radius, 
describe the arcs ad and cb. The resulting oval has the correct 
major axis within one-eighth of 1 per cent, and has the correct 
nunor axis within 3^ per cent 

This draftsman's ellipse is exact where required, namely, on the 
two diameters ac and db, which are isometric axes, and it is prac- 
tically exact at the extremity of the major axis, 

133. Set of Isometric Sketches. — Fig, 135 is a set of isometric 
sketches of the details of the strap end of a small connecting-rod, 
from which to make orthographic drawings. The isometric sketch 
is much clearer than the corresponding orthographic sketch, and 
the set shows clearly how the pieces are assembled. 

The orthographic drawing of the assembled rod end is much 
easier to make than the assembled isometric drawing. It is in fact 
clearer for the mechanic than the assembUd isometric drawing 
would be, for the number of lines would in that case be quite con- 
fusing. It illustrates well the fact that isometric sketches and 
drawings should be limited to fairly simple objects. 

Another noteworthy fact is that center lines, which should always 
mark symmetrical parts in orthographic drawings, should be used 
in isometric drawing only when meusurements are recorded from 
them. 

The sketch as given is taken directly from an examination paper 
used at the TT S, Naval Academy for a two-hour examination. On 
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account of the ahortness of the period, odIj oue orthographic view, 
the front elevation, is required, but if time were not limited, a plan 
aUo should be drawn. 
The folloving explanation of the sheet ia printed on the original : 
"Explanation of Mechanism. — ^The isometric sketches represent 
the parts of the strap end of a connecting-rod for a small engine. 
In assembling, A, B, C, and D are puehed together, with the tiiia 
metal liners, Q, filling the apace between B and C. The tapered 
key, E, is driven in the J" holes of A and D, which will be found to 
be in line, except for a displacement of J" which prevents the key 
from being driven down flush with the top of the strap D. The two 
bolts, F, are inserted in their holes, nuts H screwed on, and split 
pina (which are not drawn) inserted in the J" holes, locking the 
nuts in place. In time the bore of the brasses B and C wears to 
oval form. To restore to circular form, one or two liners would be 
removed and the strap replaced. The key driven in would then, 
draw the parts closer by the thickness of the liners removed. 

"Draining (to he Orthographic, not Isometric). — On a sheet 
14"xll'' make in ink a working drawing of the front elevation of 
the rod end assembled, viewed in the direction of the arrow. Put 
paper with long dimension horizontal. Put center of bore of 
brasses 4" from left edge of paper and 5" from top edge. No 
sketch, no legend, no dimensions." 

Froblems XI7. 

140. An ordinary brick measures 8"x4"x3t^". Make on ortho- 
graphic drawing and an isometric projection after the manner of 
Fig. 132, Art. 127. Contrast it with the isometric drawing made 
according to Art. 130. 

- 141. Make the iaometrie projection of the brick, 8"x4"x2^'', 
turning it through the angles of 45° and 35° 44', as in Fig, 134, 
Art. 139. 

142. From Fig. 135 make a plan and front elevation of the 
strap D. 

143. From Fig. 135'make a plan and front elevation of the stub 
end A. 

144. From Fig. 135 make a plan and front elevation of the 
brass C. 
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The following four drawing sheets are designed to be executed in 
the drawing room to iilustrate those principles of Descriptive 
Geometry which have the most freauent application in Mechanical 
or Engineering Drawing. 

The paper used should be about 28" x 23", the drawing-board of 
the same size, and the blade of the T-square 30". 

To lay out the sheets find the center, approximately, draw center 
lines, and draw three concentric rectangles, measuring 24"xl8", 
33"xl6", and 21"xl5". The outer rectangle is the cutting line 
to which the sheets are to be trimmed. The second one is to be inked 
for the border line. The inner one is described in pencil only as a 
" working line," or line outside of which no part of the actual 
figures should extend. The center lines and other fine lines, in- 
cluding dimensions, may extend beyond the working line. In the 
lower right comer reserve a rectangle 6" X 3", touching the working 
lines, for the legend of the drawing. 

In making the drawings three widths of line are used. 

The actual lines of the figures must be " standard lines " or lines 
not quite one-hundredth of an inch thick. The thin metal erasing 
shield may be used as a gauge for setting the right-line pen, by so 
adjusting the pen that the shield will slowly slip from between the 
nibs, when inserted and allowed to hang vertically. Visible edges 
are full lines. Hidden edges are broken lines; the dashes |" long 
and spaces ^" long. 

The extra-fine lines are described with the pen adjusted to as fine 
a line as it will carry continuously. The axes of projection are 
fine full lines. The dimension Hnes are long dashes, ^" to 1" long, 
with i" spaces. The center lines are long dashes with fine dots 
between the dashes, or are dash-dot lines. The construction lines 
are long dashes with two dots between, or are dash-dot-dot lines. 
When auxiliary cutting planes are used, one only, together with its 
corresponding projection lines, should be inked in this manner. 
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The extro'keavy lines are about two-bondiedtha of an inch thick, 
and are for two jmrposee : for lAade Unet, if used ; and for paths of 
sections, or linee showing where sections have been taken, as pq. 
Fig. 32. These paths of sections ahoiild be formed of dashes 
abont I" long. 

SHEET I: FBXSKS AHS FTSAUDS. 

Lay ont the sheet and from the center of the sheet plot three ori- 
giuB : The first origin 5 J" to the left and 4^" above the center of the 
sheet; the second 8" to the right and 2^* above the center; and the 
third 4" to the left and 4J' below the center. Pass vertical and 
horizontal lines through these points to act as axes of projection. 

Pint Origin: Pentagonal Friim and Inclined Plane. 

Describe a pentagonal prism, the axis extending from P (2", 
Ij"! i") to P" (2", If", 2^'), The top base is a regular pentagon 
inscribed in a circle of H" radius, one comer of the pentagon 
being at A {2", i", |"). Draw three views of the prism. Draw the 
traces of a plane P, perpendicnlar to Vi its trace on V passing 
through tiie point c {0", 0", 2^") and making an angle of 60° with 
the axis of Z. Draw on the side elevation the line of intersection 
of the prism and the plane P. Show the true shape of the polygonal 
line of intersection on an auxiliary plane U. perpendicular to \, 
its traces on V paBsing through the point (0", 0", 4J"). On U 
show only the section cut by the plane. Draw the development 
of the surface of the prism, with the line of intersection described 
on it. Draw the left edge of the development [representing 
A (2", i", i"). A' (2",i", Zi")'] as a vertical line i" to the right of 
the asis of Y, and use the top working edge of the sheet as the top 
line of the development. Omit the pentagonal bases. 

Beoond Origin: Oot^onal Prism and Triai^iilar Priim. 

Describe an octagonal prism, the axis extending from P (2^", 
If" i") to 'J" (8^", If", 4i"). The octagonal base is circumscribed 
about a circle of 2J" diameter, one flat side being parallel to the 
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axis of X. Describe a triangular prism, its axis extending from 
Q (OrsS, If", li") to Q' (3^98, If", 3^), intersecting FF" at its 
middle point and making an angle of 60° -with it. The base is in 
a plane perpendicular to QQ', and is an equilateral triangle cir- 
cumscribed about a circle of 1" diameter. One corner is at 
J (1", If", C.SS). Draw the H, V, and S projections of the 
prisms and a complete projection on a plane U, taken perpendicular 
to QQ', and whose trace on V passes through the point ■(6", 0", 0") . 
'Draw the triangular prism'as if piercing the octagonal prism. 

Third Origin: Hexagonal Fyramid aud Square Prism. 

Describe an hexagonal pyramid, vertex at F {IJ", 2", J"), center 
ofbaseatf (lj",a",3"). The hexagonal base is in a plane parallel 
to H and is circumscribed about a circle 2J" in diameter, one 
comer being at A (IJ", 0"5G, 3") . Projecting from the sides of the 
pyramid are two portions of a square prism, whose axis is Q (^"j 
2", 3i"), Q' (3i', a", 2i"). The square base is in a plane parallel 
to S and measurea 1" on each edge, and its edges are parallel to the 
axes of Y and Z. Letter the edges GQ', HE', etc., the point Q 
being (I". 1}". 12"). ff d". H", H"), etc. Draw the object as if 
cut from one solid piece of material, the prism not piercing the 
pyramid. 

The views required are plan, front elevation, and side elevation, 
and also an auxiliary projection on a plane \}, perpendicular to H- 
The H trace of U makes an angle of 120° with the axia of X at 
the point X (2f", 0", 0"). 

Draw also the developments of the surfaces. Place the vertex of 
the developed pyramid at a point J" to the right and SJ' above the 
origin, and the point j4 I" to the right and 0."36 above the origin. 
Mark the line of intersection with the prism on this development. 

Between the side elevation and the legend space, draw the de- 
velopment of the square prism, placing the long edges, GQ', RH', 
etc., in a vertical position. Describe the line of intersection on the 
development. Let the edge which has been opened out be 00', and 
let the middle portion of the prism, which does not in reality exist, 
be drawn witii construction lines. 
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Oenenl Dinotioiu for Completiar the Sheet. 

In inking the sheet show one line of projection for the determi- 
nation of one point on each line of intersection. Shade the figure, 
except the deveiopments. 

In the legend space make the following legend : 



SHEET I. 


(Block Utten IS/tSr hi^ 




DESCBIPTITE QEOMETBT. 


(All ap.SA8- high.) 




PKISMS AKD PYBAMIDS. 


(All opa W3f hi^.) 






(Cip. 1/8- high, lower out 


i/ir- high.) 


Date. 


(CMp-VS-hlBh. lower ou. 


i/ir high.) 


SHEET n: CTUX 


rSESS, ETC. 





Lay out (ratting, border, and working lines, and legend space as 
before. 

Plot four points of origin as follows : First origin, 6" to the left 
and 4" above the cent«r of the sheet ; second origin, 4^" to the right 
and ii" above the center; third origin, 6^" to the left and 3^" 
below the center; fourth origin, 6^" to the right and 4J" below the 
center. 

First Origin: Into^ecting Riffht Cylinders. 

Draw the three views of two intersecting right cylinders. The 
axis of one is P (3^" 2", J"), P" (2^", 2", 3J"), and its diameter is 
3". The axis of the other is Q d", If", 3"), Q' (4J", If, 3"), and 
its diameter 3f". Determine the line of intersection in V by planes 
parallel to V at distances of J", 1", IJ", etc. 

Second Origin: Inclined Cylinder and Inclined Plane. 

Draw three views of an inclined circular cylinder, cut by a plane. 
The axis of the cylinder is P {3.73", If", i"), P' (2", Ij", SJ"). 
The base is a circle, diameter 3^", in a plane parallel to ff- The 
plane cutting the cylinder is perpendicular to V, and its trace in 
V passes through the middle point of PP', and inclines up to the 
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left at an angle of 30° with OX. Plot the intersection in H, Vj 
and S and find the true shape of the ellipse by an auxiliary plane 
of projection perpendicular to V through the point (3", 0", 4"), 

Third Or^in: Kight Circular Cone and Inclined Plane. 

Draw a right circular cone, vertex at P {%", If", J"), center of 
base at P" (3", If", 4"), diameter of base 3". The cone ia inter- 
Bected by a plane perpendicular to S, having its trace in S parallel 
to the extreme right element of the cone and through the point 
(0", 2J", 'l"). Draw the line of intereection in plan and front 
elevation, and show the true shape of the curve by projection on an 
anxiliary plane U perpendicular to Sj its trace passing through 
the point (0", SJ", 0"). 

Fourth Or^^ : OifiTal Point, Vertical Plane and Inclined Plane. 

Let S lie to the right of fi and make no use of V- The problem 
IS to draw two views of a 3J" ogival shell, intersected by two planes. 
The ogival point Js generated by revolving 60° of arc of 3}" radius 
about an axis perpendicular to f| at the point (2", If", 0"). The 
initial position of the 'generating arc is as follows : The center ia 
at D (0", 3i", 3}"), one extremity is at S (0", 0", 3J"), and one is at 
P (2", \%", 0.46") . The cylindrical body of the shell extends from 
the ogival point to the right in the side elevation, a distance of J". 
Two planes, T and R, intersect the shell. T is parallel to and IJ" 
from 3- -B is perpendicular to S> and its S trace passes through 
the origin, and makes angles of 45° with the axis of Y and the 
axis of Z. Draw : The traces of T and R; the side elevation ; the 
line of intersection of T with the shell; and, on the plan, the line 
of intersection of R with the shell. 

General Directions for Completing the Sheet. 

' In inking the eheet show one cutting plane for the determination 
of each line of intersection, and show clearly how one point is de- 
termined in each view of each figure. Shade the figure except the 
developtnenta. 
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In the legend space make the following legend : 

SHEET II. (Bk«k!rft«-u/e-bi^) 

DESCBIPTIVE OEOHETBT. (AU am !/i6- biBh.) 

INTEBSECTIOXS OF CTLISDEES, ETC. (All cm S/ax-biglL) 

Name (isgottrnti. Claaa, (Cupi i/s* >"«*. i™*r owe i/i*' high.) 

Date. (Vf i/s- hi^ lowH iu> i/if u^) 

SHEET m: BITSFACES OF KETOLTTTIOK. 

Lay out center lines, catting, border and working lines, and 

legend space as before. 

Plot five points of origin as followB: First origin, 6j" to the 
left and 3^" above the center of the sheet; second origin, 1^" to 
the right and 6" above the center; third origin, SJ" to the right and 
5 J" above the center; fourth origin, C^" to the left and 4J" below 
the center ; fifth origin, 7 J" to the right of the center of the sheet 
on the horizontal center line. 

Pint Origin : Sphere and Cylinder. 

Draw a sphere pierced by a right circular cylinder. The center 
of the sphere is at (2", 2", 2"), its diameter 3J". The asis of the 
cylinder is P (2", H"A"), P" (2", H", H")- Its diameter is 1^". 
J)raw the sphere and cylinder in Hi V and g, and determine the 
line of intersection by passing planes parallel to V *t distances of 
V, r, IJ" and 1§". 

Second Origin: Forked End of Connecting-Sod. 

The forked end of a connecting rod has the shape of a surface of 
revolution, faced off at the sides to a width of IJ", as shown in Fig. 
136. The centers a, b, and c are points (3", 1", 0"), (2", 0", |"), 
and {3", 0", 1"). The are which has J as a center is iangent at its 
ends to the adjacent arc and to the side of the 1" cylinder. 

Determine the continuation of the line of intersection of the 
plane and surface at w, by passing planes parallel to H &t distances 
from H of 2i", 2|", gj", 2|" and 3f' . Draw no side view. - 
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Third Origin: Stub End of Connecting-Sod. 

The stub end of a connecting-rod is a surface of revolution faced 
• off at the sides to a width of 1^', and pierced by bore-holes parallel 
to its axis as shown in Fig. 137, Centers are at a (1}", 1", 0"), 
h (3", r, 0"), c (3", 1", 0"), d (3|", 0", 11"), and e (f", 0", ID- 
Determine the continuation of the line of intersection at w by 
passing planes parallel to fi at distances from H of liV", li't 




Fro. 137. 



IJ", and \%". Draw also the side view and determine the ap- 
pearance of the edge marked u, where the large part of the bore-hole 
intersects the surface of revolution, by means of the same system of 
planes. 

Fonrth Oz^^in: Bight Circular Cylinder and Cone. 

A right circular cone is pierced by a right circular cylinder, the 
axes intersecting at right angles, as in Fig. 63, Art. ?3. The axis 
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of the cone is F m", 2i", 1"), P* m", 2^", 2J"). The base, in a. 
plane parallel to Ht ^^ a circle of 3}" diameter. The asie of the 
cylinder is Q (i", 2i", 1|"), Q' (4", 2i", If"), and its diameter is 

Draw three views of the figures, determining the line of inter- 
sectioD by planes parallel to f|. It is best not to pass these planes at 
equal interrals, but throngh points at equal angles on the base of 
the cylinder. Divide the base of the cylinder in S inte arcs of 30°, 
and in numbering the points let that corresponding to i^, in Fig. 62, 
be numbered and let H be numbered 6. Insert intermediate 
pointe from 1 to 5 on both sides, so that the horizontal planes used 
for the determination of the curve of intersection are seven in 
number, the lowest pasaing through the point 0, the second through 
the two points 1, the third through the two points 2, etc. Determine 
the curve of intersection by these planes. 

Draw ihe development of the surface of the cylinder, cutting the 
surface on the element 00' (or FF" in Fig. 62), Place this line of 
the development vertically on the sheet, the point being 1" to the 
left and 7^" below the center of the sheet, and 0' being 1' to the 
left and 3^" below the center of the sheet. 

Draw the development of the surface of the cone Note that the 
radius of the base, the altitude, and the slant height are in the 
ratio of 3:4:5. To get equally spaced elements on the surface of 
the cone, divide the arc corresponding to BC in H, Fig. 62, into 
five equal spaces. Number the point B and C 5, and the inter- 
mediate pointe in series. Since the cone is symmetrical about two 
axes at right angles, one quadrant may represent all four quadrante. 
Put the vertex of the developed surface 3" to the left of the center 
of the sheet and 1" below it, and consider it cut on the line PO or 
PB- Locate the point 8-|" to the left of the center of the sheet and 
1" below it. Divide the development into four quadrante and then 
divide each quadrant into five parte, numbering the 21 points 
0, 1, 2, 3, 4, 5, 4, 3, 2, 1, 0, 1, 2, 3, 4, 5, 4, 3, 2, 1, 0. 

Fifth Origin: Cone and Doable (^trI Point. 

In this figure a right circular cone pierces a double ogival point. 
The cone has a vertical axis, PP", the vertex P being at (3", IJ", 
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i"), and P, the center of the base, at (3", IJ", SJ"). The base is a 
circle of SJ' diameter lying in a horizontal plane. 

The ogiTal point has an axis of revolution, Q (f", 1^", 3"), 
Q' (5f", IJ", 2"), SJ" long. The generating line is an arc of 4* 
radios of which QQ' is the chord, and in ita initial position the arc 
has ita center at (3", IJ" B','02). Draw three views of the cone 
piercing the douhle ogival anrface, and determine the line of intfli- 
aection by means of three auxiliary cutting spheres, centered at p, 
the intersection of PP" and QQ'. tJae diameters of 2^", 2J", and 
2^s"- This curve appears on the U. S. Navy standard 3" valve. 

General Sireetions for Completing the Sheet. 

In inking the sheet show one cutting plane or sphere for the 
detennination of each line of intersection, and show clearly how 
one point is determined in each view of each figure. Shade the 
figures, except the developments. 

In the legend space record the following legend : 



SHEET III. 


(Block lftta.lB/K- high.] 




DBSCBIPTrVB QKOMETRT. 


(AUc^nSAa'Wjh.) 


; 


INTBB8ECTION8 OF 8DEPACB8 OP 






HBVOLDTION. 


(AIla.p.fl/S!-hl»h.) 






(Cip* 1/B- hifh. lower otM 


!l/M'hlgh.> 


Date. 


(C»p. 1/8" Uih. lower CM. 


! 1/K* bigh.y 



SHEET 17: CONES, AKCEOB BIKO AND HEUCOIBAI, 
SURFACES. 

Lay out center lines, cutting, border, working lines, and legend 
space as before. 

Prom the center of the sheet plot origins as follows: First 
origin, 3^" to the left of the center and 3|i" above the center; 
second origin, 5^" to the right of the center and 3" above the center; 
third origin, lOJ" to the right of the center and 4i" above the center ; 
fifth origin, 3" to the right of the center and 6" below the center. 
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I^t Origrin: Interseoting Inclined Conn. 

Draw two intersecting inclined cones. The first cone liaa its 
vertex at P (1", IJ", i"), and the center of its base at P" (2",^ 
If", 4}"). The base is a circle of 3|" diameter, lying in a plane 
parallel to ff- The second cone hae its vertex at Q (5", IJ", 2"-t6), 
and the center of ita base at Q' (J", 1|", 3i"). The base is a circle 
of 3" diameter lying in a plane parallel to S. Draw plan, front 
elevation, side elevation, and an auxiliary projection on a plane U, 
perpendicular to the line PQ, the trace of U on V. passing through 
the point M (7^", 0", 0") . Determine the line of intersection of the 
cones by auxiliary cutting planes containing the line PQ, and treat 
the problem on the supposition that the cone FP" pierces the cone 
QQ'- 

Second Ori{^ : Helicoidal Surface for Screw Propeller. 

A right ^-ertical cylinder, 1^" in diameter, has for its axis 
P (2^", 2J", J"), F (2i", 2}", 3i"). Projecting from the cylinder 

is a line A (31", H", i"), B {4^", 2J", J"). This line, moving 
uniformly elong the cylinder, and about it clockwise, describes one 
complete turn of a helicoidal surface of 3" pitch. Draw plan and 
front elevation of the figure. This helicoid is intersected by an 
elliptical cylinder of which the generating line is perpendicular to 
H aiid the directrix is an ellipse lying in IM, having its major axis 
C (2", 2f', 0"), D ii", 2i", 0"), and minor axis E {IJ", 3", 0"), 
F (li", 2", 0"). Find the intersection of the two surfaces. Ink in 
full lines only the circular cylinder and the intersection. TUa 
portion of a helicoidal surface is similar to that which is ilsed for 
the acting surface of the ordinary marine screw propeller, of 3 or 



Third Origin : Worm Thread Surface. 

A worm shaft is a right cylinder, 1^" in diameter, its axis being 
P {1|", li", i"), F (1|", IJ", %%"). A triple right-hand worm 
thread, of the same profile as in Fig. 70, projects from the cylinder 
along the middle 6" of its length. The pitch of the thread is 4}", 
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so that each thread has more than a complete turn. The outside 
diameter of the worm is 3". Make a complete drawing of the plan 
and front elevation, aa in Fig. I'D, letting the worm thread hegin at 
any point on the circumference. 

Fourth Origia: Anchor Ring and Planes. 

An anchor ring, B, is formed by revolving a circle of 1^" diameter, 
lying in a pltuie parallel to V bhA with its center at A (li", 2f", 
J"), about an axis perpendicular to f| and piercing H at the point 
B (21", 2§", 0"). Draw plan, front elevation, right side elevation 
(to the right of f^), and left side elevation (to the left of fj) on a 
plane S', 4|" from S- A plane F, parallel to S at f" from S, cuts 
the ring. Draw the trace of P on ff , and-the intersection of P and 
the ring on S- -A. second plane F", parallel to S at IJ" distance, 
cuts the ring. Draw the trace P'S and the intersection P'B on g. 
A third plane Q is parallel to V at If" distance from V- Draw the 
trace QS and the intersection QR on V. A fourth plane, Q', is 
parallel to V at 2" distance. Draw the trace Q'H and the inter- 
section Q'R on V- An inclined plane T is perpendicular to S and 
S', its trace on S' passing through the point C (4f", 2|", |"), and 
inclining down to the right at such an angle as to be tangent to the 
projection on g' oi the generating circle when its center is at 
D (3|", li", I"). Draw the trace of T on S', and the intersection 
TR on H- Find the true shape of TB by means of an auxiliary 
plane of projection \J perpendicular to S', cutting S' in & trace 
parallel to TS' through the point on S' whose coordinates are 

£(4r,o'',in- 

' General Directions for Completi:^ the Sheet. 

Ink the sheet uniform with the preceding sheets, and in the 
legend space record the following legend : 

SHEET IV, (Block letteimlB/SrhiKh.) 

DESCRIPTIVE GEOMBTHT. (AH caps S/lfl" high.) 

CONES, ANCHOR RING AND HEUCOIDS. (AU cips O/ST high.) 

Name (rtgrntore). Claas. (C»Im l/S- hleh, lower cue 1/12- hlih.) 

Date. (Ckpi l/S" Ugh, lower cue 1/12- hi^) 



r OF THE " 

UNIVERSITY 

I OF J 



n,g -ccT'GoOgIc 



n,gt,7cdT:G00glc 



Short- TITLE Catalogue 

PUBLICATIONS 
JOHN WILEY & SONS 

New York 

London: CHAPMAN & HALL, Limited 



ARRANGED UNDER SUBJECTS 



AGRICULTURE— HORnCTILTURE— FORESTRY. 

Armaby's Prioiiplea of Animal fJutritirm 8 

Budd Hid Hansen's American Horticultural Manual: 

Pan 1. Propagation. Culture, and Improvement I2t 

Part II. Systematic Pomology 12e 

Elliott's Engineering (or Land Drainage t2r 

Practical Farm Drainage. (Second Edition, Rewritten.) IZr 

CreeB's Principles of American Forestry 12t 

Grotenfelt's Principle! of Modem Dairy Practice. (Wotl.) I2r 

• Herrick'a Denatured or Industrial Alcohol 8 

Kemp and Waugh's Landscape Gardening. (New Edition. Rewritten. 



Garden Crops. (In Prepa- 



* Scbwan's Longleaf Pine in Virgin Po-eet 

StOClibridge'a Rocks and Soils. 

Winton'a Microscopy of Vegetable Poods 

Woll's Handbook for Fumera and DairymeD. . . . 



ARCHITECTURE. 



Baldwin's Steam H 
Berg's Buildings ai 
Blrkmire's Architoi 



3 £0 

2 00 

3 00 



n,gt,7cdT:G00glc 







IBmo. 8 00 




















Entirely Ra 

lano 




vised and Enlarsed.) 


1 GO 




i2mo 


1 EO 


* The Water Supply. Seweraae and PlumKog of Uod«n C 


ty Buildings 


4 00 










.laiEO. mor 


















Peabody's Naval Architecture Svc 


TBO 


Richey's Handbook tor Superintendeota of Conitruetion 

• Building MeehaniQB- Re»dy Reference Series: 

* Carpenters' and Woodworliers' Edition 

• Cement Workers' Mid Plasterers" Edition. 


. I8mo, mor 
. ISmo. mar 

.IBmcmor 
. lemo. mor 
.IBmo, mor 
.18nio.mor 


4 00 

1 60 
1 50 


















Towne's Locks and Builders' Hardware 


.16mo,moT 


30O 




Sheep 


6«> 




rnn 




^ 


G BO 


Hospital 


Uaintenaoce 
for a Smal 
12mo 


1 26 



AXMY AHD HAVY. 



Bemadou's Smokeless Powder, Nitr 

lose Molecule 

Chase's Art of Pattern Making 

Screw Propellere and Marine P 
* Cloke's EnUsted Specialists' Exan 



ilose, and the Theory of the Cello- 



•Gunn 



[luth... 



Crebore and Squiei's Polarizing Photo-chionograpb 

■Davis's Elements of Law. 

• Treatise on the Military Law of United States 

* Dudley's Military Law and the Procedure of Courts-martial. . .Large 12rao, 
Durand's Resistance and Propuluon of Ships. Svr 

* Dyer's Handbook of Light ArtiUery 12mi 

Eissler's Modem High Explosives Svr 

* Fiebeger's Tent-book on Field Fortification Large 12mo. 

Hamilton and Bond's The Guimer's Catechism '" 

> HoS's Elementary Naval Tactics 



3 SO 
3 50 
2 GO 
7 00 
2 GO 
6 00 

a 00 



n,gt,7cdT:G00glc 



InC^ls'E Handbook of Froblemam Direct Pire, 

• Ludlow's LoguithDiic Bud Trigonometric Tables 

• Lyona's Treatise on Electromagnetic Phenomena. Vols. I. a 

■ Mahan's Permanent Fortifications, (Hercur.) 

Hanual for Courts-martial 

• Mercm^'s Attack of Fortified Places 



Nixon's AdiutanU' Manual 

Peabody's Naval ArcWtecture 

* Phelps's Practical Marine Surveying. . . 

Putnam's Nautical Charts. 

Rust's En-meridian AWtude. Arimuth a 



Piuman and Ps 

vised I 

Lodge's Notes c 



■doe's Manual of Practica 

nd Enlarged.) 

1 Assaying and Metallurg 



:t Exereisea and Musketry Feni 



tive Assaying with the B 

16d 

Assaying. (Sixth Editi' 

tl Laboratory Expetimei 



Miller's Cyanide Process. . . 

Minet's Production of Alui 
Riclietls and Miller's Not« 
Robine and Lenglen's Cyai 



im and its Industrial Use. (Waldo.)... 

Assaying. . ....................... 

Industry. (Le Clerc.) 

nssayers and Chemists. {In Press.) 

I lytic Copper Refining. Svo. 














nd Swr-Fiii 



• Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall a 

Defren.) gi 

• Abegg'a Theory of Electrolytic Dissociation, (von Ende.) 12n 

AlexeyeiT's General Principles of Organic Syntheses. (Matthews.) S' 

Allen's Tables for Iron Analyus. 8' 

Armsby's Principles of Animal Nutrition .&■' 

Aniold's Compendium of Chemistry. (HandeLJ Larse 12d 



n,gti7ccT:G00glc 



Anodatlon of State and Nationat Food uid Dairy D 

Usctbia. leoe »vo 

Jamestown Meetiog, 1007 gvo 

Austen's Notes for Chemical Students l^rno 

Baikerville's Chemical Elements. (In Preparation.) 

'der.— Nitro-celldosa, and Theory of tb 



Moleci 



. .12mi 






■ Bfanchard'a Synthetic Inorganic Chemistry 

•Browning's Introduction to the Rarer Elements i 

•CUasseo'sBeet-susiirUBnuIiictun!. (Hall and Rolf e.) t 

Classen's Quantitative Chemical Analysis by Electrolysis, (Boltwood.).! 

Cobn's Indicators and Test-papen. 12 

Tests and Reagents i 

* Daimeel's Electrochemistry. (Merriam.) 12 

Dannerth's Methods of Teitilo Chemistry I2mo, 

Duhem^s Thermodynamics and Chemistry. (Burgesa.). 
ESront 'a Enzymes and their Applications. (Pnscott.). 

EiEsIer's Modem High Explosives 

Erdmann's Introduction to Chemical Pnparations. (D 



in Quantitative Assaying wit 

Powler's Sewage Works Analyses 

Presenius's Manual of Qualiwtive Chemical Analysis. (Wdl 
Manual of Qualitative Chemical Analysis. Part I. Descrip 

QuantiUtive Chemical Analysis. (Colin,) 2 vols 

When Sold Separately, Vol. I, 16. VoL II. tS. 

Pustei's Water and Public Health 



. .Large I2ido. 



S 00 

™,3 00 

■. 12 50 



(Sath Edition, 



• Getman's Exercises in Physici 
Gill's Gas and Fuel Analysis foi 

* Goocb and Browning's Outlin 






. . 12m( 



s] Analysis. 

Large 12ma, 

Grotenfelt's Principles of Modem Dairy Practice. (Wnll.) 

Grolh's Introduction to Chemical Crystallography (Marshall) 

Hammarslen's Test-book of Phyaioiogical Chemistry, (Maadol.). 
Hanausek's Microscopy of Technical Products. CWinton.) 

• Haskins and Macleod's Organic Chemistry. 

Hering's Ready Reference Tables (Conversion Factors) 1( 

* Herrick's Denatured or Industrial Alcohol 

Hinds's Inorganic Chemistry 

* Laboratory Manual for Students.. --- -.-.-,.,.,. 

' Holleman's Laboratory Mannal of Organic Chemistry for I 



(WaU 



. , 12mi 



Teit-book of Inorganic Chemistry. (Cooper.) 

Text-book of Organic Chemistry, (Walker and Mott,) By 

- Holley'a Lead and Zinc Pigments. Large 12mi 

Holley and Ladd's Aaalyais of Mixed Paints, Color Hgmenta, and Vatnishi 

Hopldns'a Oil-chemists' Handbook Bv. 

Jackson's Directions for Laboratory Work in Phyaioiogical Chemistry. .8v 
Johnson's Rapid Methods for the Chemical Analysis of Special Steels, Stee 

maldng Alloys and Graphite. Large I2mi 

Landauer'a Spectrum Analysis. (Tingle.) Svi 

Laisar-Cohs's Application of Some (general Reactions to Investigations in 

Organic Chemistry. (Tingle) 12mo. 

Leach's Inspection and Analy»s of Food with Special Reference to State 

LAb'a Electrochemistry of Organic Compounda. (Loreas.) 

Lodge's Nates on Assaying and Metallurgical Laboratory Bxpelini 

Low's Technical Method of Ore Analysis 

Lowe's Paint for Steel Structures 

Lunge's Techno-chemical Analysis. (Cohn,) 



n,gt,7cdT:G00glc 



* McEky and Lanen's Principle and Practice of ButCcr-maldDg. Svo, 

Ualre'a Modern Plgownts tmd thtir Vdiiclea 12mo, 

Handel's Handbook lor Bio-chemicaJ Laboratorvr . . „ , ^ , , ^ , . . 12mo, 

* Martin's Laboratoiy Guide to Qualitative ^alyiis with tbe Blovpipe 



Textile Pibrea. 

* Meyer's Detemuoatian 

Tbird Edition.... 

HUler'i Cyanide Proceaa. . . 

Manual of Assayini[. . . 
Hiaet'i Pmduction of Aliui 






its InduBtrial Use. (Waldo.), 
al CalcuUtioni for Sugar Works. tBoaibaJds.) 12nio, 

Milter's Elementary Tent-book at Choroistry. 12ino, 

Morgan's Elements of Physical Chemistry. 

Outline of the Thoory of Solutions and its Results.... 
• Physical Chemistry for Electrical " " 

* Moore^s Outlines of Organic Chenustry ..IZmo, 

Morw'i CslculBtiona used in CanB-sugBT Pu:tories ISmo, moi 

* Muir's History of Chemical Theories and Laws 8vo 

MuUiken'a General Method for the Identification of Pure Organic Compounds 

Vol. I. Compounds ol Carbon with Hydrogen and OiygEn. Large Svo 

Vol. II. Nitrogenous Compounds. (In Preparation.) 

Vol. III. The Commereial DyestuSs Large 8vo, 

* Nelsoa'i Analysis of Drugs and Medicines. 12d10. 

O'DriscoU's Notes on the Treatment oE Gold Orea. Svo, 

Ostwald's Convenations on Chemistry. Part One. (Ramsey.). 

Part Two. <Tambull.) 12mo, 

Introduclioa to Chemistry. (Hall and Williams.) (Id Preparation.) 

Owen and Standage's Dyeing and Cleaning of Textile Fabrics 12mo, 

•Palmer's Practical Test Booll of Chemistry IZmo, 

* Pauli's Physical Chemistry in tbe Service of Medidne. (Piacher.) , . 12mo, 
Penfield's Tables of UineraJs. Includine the Use of Minerals and Sutistics 

of Domestic Production 

Hctet's Alkaloids and tlieir Chemical Const! 

Poole's Calorific Power of Fuels 

Piescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis... 

* Rei^g's Guide to Piece-Dyeing. 

Richards and Woodman's Air. Water, and Food from a Sanitary Sund- 






'sNot 



l1 Purification of Sewage. . . 



Rickett 
Rideal' 

Sewag 
Riggs's Elementary Manual for the Chemical Laborai 

Robineand I,englen'3 Cyanide Industry, (L« Clere.) 

Ruddiman's IncompatibiUtiea in Preacriptiooa. 

Whys in Pbarmacy - 

• Ruer's Elements of Metalkigraphy. (Mathewsoa.) 

Sabin's Industrial and Artistic Technology of Paint and Varnish. ... 
Salkowski'a Physiological and Pathological Chemistry. (Omdorfi,). . 

Schimpf's Essentials of Volumetric Analysis 

Manual of Volumetric Analysis. (Fifth Edition, Rewritten) , . 

* Quahtative Chemical Analysis. ......,.-...-.-.-......-... 

Seamon's Manual for Assay&s and Chemists. (la Press.) 

Smith's Lecture Notes on Chemistry for Dental Students 

Spencer's Handbook for Cane Sugar Manufacturers. 16m 

Handbook far Chemists of Beet-sugar Housea lem 

Stockbridge's Rocks and Soils. 

Stone's Practical Testing of Gas and Gss Meters. 

■TUbnan's Descriptive General Chemistry 

* Elementary Lessons in Heat 

Treadwell's OualiUtive Analyaia. (HalL) 



4 00 
I 25 

t 00 



n,gt,7cdT:G00glc 



Trokdwdl'i Ouantitative Aiulydi. (Bmll.) I 

TunstKaitaad Russell's Public WnUT-BUpplia I 

Vbu Deveoter'i Phyiicil Chemistry for Be^nen. (Boltwood.) 12 

Veruble's Methods and Devices for Bmclerial Trektm«at of Sewage. 

Ward and Whipple's Preshmler Biology. (In Press.) 

Ware's Beet-sugat Hanulacture and Sefinini. Vol. I 

Vol.II 

Wa^hiiiffton's Manual of the Chemical Analysis of Rocks. 1 

• Weaver's Military Eipkmves. 1 

Wells's Laboratory Guide in Qualitative Chemical Analysis I 

Short Course in Inorganic Oualitative Chemical Analysis for Enginee 
Students 12 

Teat-book of Chemical Arithmetic 12 

Whipple's Microscopy of Drinking-water 1 

Wllsoo-s Chlorinalion Process 12 

Cyanide Procesaea 12 

Winton's Microscopy of Vegetable Foode 8vo, 

Zsigmondy's Colloids and the Ultramicroscope. ( Alexander. )..LarB* llmo. 



CIVIL EIIGIREERING. 



Baker's Engineers' Surveying Instruments. 12mo, 

Bixby's Graphical Computing Table Paper 19} X 241 inches. 

Breed and Hosmar'a Principlea and Practice of Surveying. Vol I. Elemen- 






■ing... 



le Isthmian Ci 



Vol. II. Higher Surveying. 

* Burr's Ancient and Modem Engineering an* 

Comstock's Field Astronomy for Bn^eers. 

•Cortheil's Allowable Pressure on Deep Foundations 

Crandall's Text-book on Geodesy and Least Squares 

Davis's Elevation and Stadia Tables 

Elliott's Engineering for Land Drainage 

Practical Farm Drainage. (Second Edition Rewritten,). 

* Fiebeger's Treatise on Civil Engineering 

Flemer's Photographic Methods and Instruments. 

Folwell's Sewerage. (Designing and Maintenance) 

Fr^tag's Architectural Engineering ............ 

Goodhue's Municipal Improvemenls. 

* Hauch and Rice's Tables of Quancitiea for Preliminary Estii 

Hayford's Text-book of Geodetic Astronomy 

Bering's Ready Reference Tables (Conversion Factors.) 

Hosmer's Azimuth 

Howe' Retaining Walls for Earth 

* Ives's Adjustments of the Engineer's Transit and Level. . . . 

Johnson's (J. B.) Theory and Practice of Surveying. 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods. . 
Kinnicutt, Winstew and Pratt's Purification of Sewage. (In 

* Mahan's Dtscriptive Geometry 

Merriman's Elements of Precise Surveying and Geodesy 

Merriman and Brooks's Handbook for Surveyors 

■s Plane Surveying 



S 00 
3 GO 



Ogden 



1 Sewer Con 



icipalR 



. .12m< 



Patton's Treatise on Civil Engineering Svo, half le 

Reed's Topographical Drawing and Sketching. 

Rideal's Sewage and the Bacterial Purification of Sewage..... 

Riemer's Shaft-sinking under Diflicult Conditions. (Coming and Peele. 

Siebert and Biggin's Modem Stone-cutting and Masonry 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo. 
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Saper's Air and VentiU, 

• Tracy's Exareisea in E 
Tracy's Plane Surveyin 

• Trautwinc's Civil Ens 
Venable's Garbage Crer 

Methods and Dcvii 
Waifa Engineering and 

Law of Contracts. . 

Law of Operation 

ArchitActure. 



)f Subways 

■s Pocket-book 

r Bacterial Treatmoit of f 
litectural Jurispradence . . . 



I. t2 SO 
r. 1 00 
r. 3 00 






Constnicti 



Ten's Stereotom 
aterbury's Vest 

• Enlarged E 
ib's Problemi 

on's TapogTBpbic Surveying.. 



Engineering and 

8vo. 



BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction ot Iron Higbway Bridges.. Bv< 

• Tharoea River Bridge Oblong pspei 

Burr and Palk's Design and Construction of Metallic Bridges five 

Influence Lines for Bridge and Roof Compatationa. 8vi 

Du Bois's Mechanics of Engineering. Vol II SmalP 4to. 10 00 

Poster's Treatise on Wooden Trestle Bridges 

Fowler's Ordinary Foundations 8vo, 3 80 

Greene's Arches In Wood. Iron, and Slooe. 

RoolTiussts./.^.l'..'.'.'.^.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 

Grimm's Snondary Stresses in Bridge Trusses 

Heller's Stresses in Structures and the Accompanying Defoimations. . . .Bvo, 
Howe's Design of Simple RooMtusscs in Wood and Steel 8vo. 

Symmetrical Masonry Arches 



* Jacohy's Structural Details, or Elements of Design in Heavy Framing 
Johnson, Bryan and Tumeaure's Theory and Practice in the Designi 

Modem Framed Structures Smal 

* JohnioD, Bryan and Tumeaure's Theory and Practice in the Design: 

Modem Framed Structures. New Edition. Part I 

MerrimaQ and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses. 

Part II. Graphic SUtics 

Part III. Bridge Design 

Part IV. Higher Stnietores 

Morison's Memphis Bridge. Obion 

Sonderieker's Graphic Statics, with Applications to Trusses, Beams 

Waddell's De Pontibus, Pocket-book for Bridge Engineers lOmo, 

* Specifications for Steel Bridges 

Waddell sod Harrington's Bridge Engineering. (In PrapantUon.) 
Wright's Designing of Dntw-spaoB. Two parts in one volume. 



2 25 
>. 10 00 

3 00 



HYDRAULICS. 

3 Ice Formation 8vo, ; 

Experiments upon the Contraction of the Liquid Vein Issuing from 

anOrifice. (Trautwine.) 8vo, : 

a Treatise on Hydraulics Bvo. i 

's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper, 
idraulic Moton. gvo. 
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Polwell's WsCi 






. .12m< 



Friwll's 

Puertea's Water ud Public Health 12m< 

Waln-filtretioo Works 12mo, 

G*DBuiUeC and Eutter'a Geoeral Pormula for the Uniform Plow of Water in 

Rivers and Otlier Cbaonels. (Hering and Trautwine.) Sva. 

Hazen'B Clean Water and How to Get It Large ISmo, 

Piltralioa of Public Water-aupplies. . . . 
HaielhunC'i Towers and Tanlu for Water-worl . _ 

Henchel's 1 IS Bxperimenti on the Carrying Capacity of Large, Riveted. Metal 



I Developmeiit and Electric 
'ater-supply, (Considered P 



ncipally from 



at Water Power. 

8vo, 

a Sanitary Stand- 



Memman's Tniatiw on Hydraulics 8vo, . 

• Molitor's Hydraulic! of Rivers. Weirs and Sluices Svo, 

Morrison and Brodie's High Masonry Dam De^gn. (In Press.) 

* Richards'a Laboratory Notes on Industrial Water Analysis Svo, 

Schuyler's Reservoirs for Imsation. Water-power, and Domestic Water- 
supply. Second Edition, Revised and Enlarged Lsrge Svo, i 

•Thomas and Watt's Improvement o( Rivers 4to. i 

Tumeauieand Russell's Public Water-suppUes Svo. . 

Wegmann's Design and Construction of Dams. Sth Ed., enlareed Ito, i 

Water-supply of the City of New YofV from 1668 to 1866 iU/. I' 

Whipple's Value of Pure Water Large 12mo. 

WillUms and Haien's Hydraulic Tables Svo, 



Wood's Turbini 



MATERIALS OP ENGINEERING. 

Baker's Roads and Pavements 

Treatise on Masonry Construction 

Black's United States PubUc Works Obl( 

Blanchai-d's Bituminous Roads. (In Press.) 

BleiniDger's Manufacture of Hydraulic Cement. (In Preparation.) 

" Bovey's Strength of Materials and Theory of Structures 

Burr's Elasticity and Resistance of the Materials of Engineering Svo, 

Byrne's Highway Construction 

Inspection of the Materials and Workmanship Employed in ConstrucUon. 
Iflmi. 



6 W 

fi 0» 



(In Preparation.} 



lard's Dust Preventiv. 

n's (C M.) Rapid Met! 

Steet-making Alloys 



and Varaishe 
Lvge 12mi 

and Road Binders 8v< 

Is for the Chemical Analysis of Special Steeb 
id Graphite Large 12m[ 



3 50 

2 60 

3 00 

2 GO 
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Ibire's Uodern PismenU and tbdr Vdiicles. 

ICuirer'a Technical Uechanici 

Henill's Simcs far Building and Decoration 

Merriirian'a MecluAica of Uateriols '..-'..-.,...,.,.........., 

* Strength of Matsrials. 12ino. 

MstcolTs StseL A Manual for Steel-users 12ma, 

HoiriKin'B Highway Eagineerng. Svo, 

Fatlon's Practical Treatise on Poundationi " 

Bice's Concrete Block Manufacture. 

RichmdHm's Modern Asphalt Pavanient 

Hicbey's Building Foreman's Pocket Book and Ready R.efo'eiice.lSino.i .... 
■ Cement Workers' and Plasterers' Edition (Boildiaa Mechanics' Ready 



Han 



Refen 



Refer 



ir Superintender 
1 Brick Mason 
:e Series) . . 



I of Consi 



tiding Mechanics' Ready 

V'sti'.'. I. '.'.'..'.'..... '..Svo'. . 
i United 



"s Clays: Their Occurrence, Properties, and Uses. 

* Hies and Lcighton's History of the Clay-working Industry of 

Sabln's Industrial and Artistic Technology of Paint and Vamish Svo. 3 00 

■ Smith's Strength of Material 12mo 1 2S 

Snow's Principal Species of Wood. Svo, 3 50 

Spalding's Hydraulic Cement IZmo. 2 00 

Toit-book on Roads and Pavements. ISmo. 2 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced Svo, E 00 

Thurston's Materials of Engineering. In Three Parti Svo. 8 00 

Part I. Non-metallic Materials of Bngineering and Metallurgy.. . ,S> 

Part II. Iron and Steel. , 8v 

Part III. A Treatise on Brasses. Broniea. and Other Allays and their 

Constituents Svo, 2 BO 

Tillson's Street Pavements and Paving Materials 

* Trautwine's Concrete, Plain and Reinforced lOmo, 2 00 

Tumeaure and Maurer's Principles of Reinforced Concn 

Second Edition. Revised and Enlarged Svo, 3 50 

Waterbury'a Cement Laboratory Manual 

Wood's (De V.) Treatise on the Resistance of Materials, and an A| 

the Preservation of Tmiber 

Wood's (U. P.) Rustless Coatings: Corrosion and Electrolysb 



RAILWAY ENGINEERING. 

s's Handbook for Street Railway Engineers ; 

Buildings and Structures of American Railroads. . . 

s Handbook of Street Railroad Location 

Civil Engineer's 



CrondaU's Railwa 

* Crockett's Methods f*c 
Dredge's History ' 



Other Earthwc 






jua Railroad. (ISTB).., . . 

le of Cubic Yards Cardboard, 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . I6mo, n 
Hudson's Tables for Calculating the Cubic Contents of Excavations and 1 

bankments -......-.-,.,,..-,,,-...-....,...-. .1 

IvBi and Hilts's Problems in Surveying. Railroad Sur 



IflnK 



HoUtor and Beard's Manual for Resi 

Nagle's Field Manual for Railroad E 

■Orrock's Railroad Structures and Estimates 

Philbrick's Field Manual lor Engineers 16d 

Raymond's Railroad Engineering. 3 volumes. 

Vol. I. Raihoad Field Geometry, (In Preparation.) 

Vol, II. Elements of Railroad Engineering 

Vd. III. Railroad Engineer's FieldiBook. (In PnpantioD.) 
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Roberti' Trmck Pormula and Table*. (In Pren.) 

ScbtIfs'i Field Engiriccring 

Riiilroinl Spiral 

TayloT^B PrisTnoidol PormulK and Euthwork. ,,....,-,„,-.-., 
• Trautwinc'i Field Pmctice of Laying Ouc Circulu Curvea i 



* Blethod of Calcnlatins the Cubic ConMoti of Bi 

banlimenls by the Aid of Diagrams. 

ebb's EconnmicE of Railroad Conslruclion 

Railroad ConBtmction 

'b Economic Theory ni the Location of Hsilways. Large 



I2nin. mor. 
»!■ and Em- 

8vo, 

I.arge 12mo. 



WilioD'i Elements of RailnHul-TTack and Conat 



's Hechanical Drawing, . , 



re Geometry and ita Applies 



oea's Machine Design : 

Part I. Kinemalics of Mb 

Fart II. Form, Strength. ■ 



Velocity DiiEran 
McLeod's Descriptive 
* Mahan's DesKriptivi 



Reed's Topogmphical Drawing and Sketching. 4t 

Reid'i Course in Mechanical Drawing. 8v 

Text-book of Mechanical Drawing and Elementary Machine De«an..8v 
- ■■ ■ -- ■ ■ 1 of Mechanism 8v 



and Men 



.h (A. W.) and Mar 
h's ;R. S.) Manual 
worth's Elements 



sMac 



iphical Drawing. (McMillan.. 

ical Drawing Ohlong Svo. 

id Operations 13mo. 

Elements of Descriptive Geometry. Shadows, and Perspective... 

Elements of Machine Constmction and Drawing. 

Elements of PUne and Solid Free-hand Geometrical Drawing. . . 

General Problems o£ Shades and Shadows 

Manual of Elementary Problems in the Linear Perspective of Poi 

Shadow 

Manm " _ . . _ . 



Plane 1 



Klein.)... 
Wilson's <H. M.) Topographic Sur 
• Wilson's (V. T.) Descriptiva Geo 

Free-hand Lettering. ........ 

Free-hand Perspective 

Woolfs Elementary Course in Des 



. Power of Transm 



. .12n 



(Hermann and 



2 50 
2 60 
2 00 
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ELECTRICITY AHD PHYSICS. 



* Ab^u'A Theory oC Electralytic Dissociation, (^ 
Andrews's Hand-txxjk for Street Railway En^nee. 
Anthony and Brukett'a Text-book of Physics. 
Anthony and Boll's Lecture-notes □□ the Theo 






Benjamin's History of Electricity 

VoltaitCell 8vo 

Bfltts's Lead Refining and ElecCfolysis- ----,-- ^ .,...,.,-.-.- .^ ^ . - . - . ■ 8vo, 
Glassen's QuBntitBtive Chemical Analysis by Electrolysis. (Boltwoad.).Svo, 

• ColUos'a Manual oi Wrelesa Telegraphy and Telephony. . , 
Crehore and Squier's Polariaag Photo-chroDograph 

• Danneel's Electrochemistry. (UerTiam.) 12mo, 

Davson's " Encineering" and Electric Traction Pocket-book I6mo, mor. 

Doleialek's Theory of the Lead Accumulator (Storage Bat 



'sTter. 






md Chemistry. 



12mc 



. .Bvo, 



piathET' 

♦ Geiman s introauetion to i"liysieal Science 

Gilbert's De Magnete. (Mottetoy) , 

Hering's Ready Reference Tables (Conversion Factors) 

♦ Hobart and Ellis's High-speed Dynamo Electric Machinery. , 
Hohnao's Precision of Measurements . . 

Telescopic Mirror-scale Method. Adjustments, and Tests Large SfO. 

• KarapetoS's Experim .'—'.-'"■' 
Kinzbrunner's Testing 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 

Le Chatelier's Hi^-tempcrature Measurements. (Boudouard— Burgess.) 1 2ma 
Ldb's Electrochemistry of Organic Compounds, (Lorenz.) 

* Lrndon's Development and Electrical Distribution of Water Paw 

• Lyons's Treatise on Electromagnetic Phenomena. Vols, I .uid 11. 8' 
■ Micble's Elements of Wave Motion Relating to Sound and Light. . 
Morgan's Outline of the Theory of Solutioo and iU Results 

* Physical Chemistry for Electrical Engineers 12nio. 

• Morris's Introduction to the Study of Electrical Engineering S\ 

Norris and Dennison's Course of Problems on the Electrical Characteristics 

Circuits and Machinea. (In Press.) 

• PanhaJ and Hobart's Electric Machine Design 4to, half mi 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

* Rosenberg's Electrical Engineering. (Haldane G 
Ryan, Norris. and Hoxie's Electrical Machinery. 
Schapper's Laboratory Guide for Studenta in Phyi 

* lUlioan's Elementary Lessons in Heat ttvo, 

Tory and Pitcher's Manual of Laboratory Pbysica Large I2mo, 

Dili's Modem Electrolytic Copper ReSnlng. Svo, 



LAW. 

• Brennan'B Hand'book of Useful Legal Information tor Easiness Hen 

l«mo, mor 

•Davis's Elements of Law. Svo 

* Treatise on the Military Law of United Stales Svo, 

• Dudley's Military Law and the Procedure of Courts-martial.. Large 12mo. 

Wait's Engineering and Architectural Jurisprudence, , 

Law of Contracts 

Law of Operations Preliminary to Constructioi 
Architectors 

11 
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1IATHBICATIC& 

Balier't BlUplic Punetion* 8vi 

fiiiggs'i Blsnonti □{ PUna Analytic Goometiy. (Bficher.) 12mi 

• Buduawi's Plane uid Sphericul TiisonomMiy. Sv< 

Byerley's Harnuniic Funclions Svi 

Chmrtlg'i Blamenti of the InfiaiCesinul Calculus. 13au 

•Coffin's Vector Analj^i. 12im 

Compton't Munuol of Logaiithmic Coaiputations 12mi.. 

• Dickaon's Colkse Algebra Laree 12mo, 

• Introduetioo to the Theory of Algebtaic Equations. Large 12i 

Bmch's IntnductioD to Prajective Geometry and its ApplicaCioa i 

Piste's Function! of a Complex Vuiable ( 

HiUsted's Elementary Synthetic Geometry. f 

Elements of Geometry E 

• Rational Geometry 12; 

Synlbetis Projective Geometry 8 

Hancock's LecCurea on the Theory of ElHptie Punctiona. (In Press.) 

Hyde's Gnusmann's Space Analysis E 

> Johnson's (J, B.) Three-place Logarithmic Tableau Vest-pocket size, pai 

* Moonted on heavy cardboard. S X 10 inches, 25 

* 10 copies. 2 00 
Johnsoa'a {W. W.) Abridged Editions of Difierential and Integral Calcnlus. 

Large 12raa. 1 vol. 2 BO 

Curve Tracing in Cartesian Co-ordinates 12nio. 1 00 

DiSeiential Equations 8vo, 1 00 

Elementary Treatise on Differential Calculus Large IZmo. 1 BO 

Elementary Treatise on the Integral Calculus Large i2mo. 1 60 

•Theoretical MrEhanici 12mD, 3 00 

Theory ot Errors and the Metl.od of Least Square*. 12mo, 1 60 

TreatiEeoD DiSerentisl Calculus. Large 12mo, 3 00 

Treatise on the Integral Calculus Large 12mo. 3 00 

Treatise on Ordinary and Partial Differential Equations. . .Large 12mo. 3 SO 
Karspetoffs Engineering Applications of Higlier Mathematics. (In Preparation.) 

Laplace'sPhilosophicalEssayonProbahilities. (TruscoltandEmory.).12ma, 2 00 

• Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

•Trigonometry and Tables published separately Each, 2 00 

■•Ludlow's Logarithmic and Trigonometric Tables 8vo. 1 OO 

Macfarlane's Vector Analysis and Quaternions Svo. 1 00 

McMahon's Hyperbolic Functions Svo. 1 00 

Manning's Irrational Numbers and their Representation by Sequencer and 

Series 12rao, 1 25 

Uathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each 1 00 

No. 1. History of Modem Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Giffoid Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Punc- 
tions, by Vi'illiam E, Byerly. No. 6. Grasamaon's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. S. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 0. Differential Equations, by 
Williain Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman, No. 11. Functions o£ a Complex Variable, 
by Thomas S. Fiske. 



: and Johnson's Differential and Integral Calculus. 
Elementary Treatise on the Differential Calculus. . 
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■ Wsterbury's Vest Pocket Huid-boak of Uathamatie 

2tXSI iQchet. mor. II 00 

■Enluaed BdiUoo, Incladins Tabln nor. 1 SO 

Weld'i Dctamiiuuits. 8vo, 1 00 

Wood's ELemetits of Coordinate Geometrv Svo, 2 00 

Woodwaid'i Fmbalrilitr and Theory of Bnora. Svo, 1 aO 



HECHAfllCAI, ENGIHBBSinG. 



UATBRIALS OP ENGINEERING, STEAM-ENGINES AND BOILERS. 



Bacon's Forge Practics 12au 

Baldwin's Steam Heatintfor BuildinSB 12ai< 

Barr'a Kinematics of Uactnnerr Sn 

• Bartlett's Meebanical Drawing. 8v< 

• ■' " " Abridged Ed Sv, 

• Burr's Ancient and Modem Engineering and (lie Isthmian Canal 8vi 

Carpenter's E«perimental Engmeerina. 8vc 

Heating and Ventilating Buildings Svi 

• Clerlt's The Gas, Petrol and Oil Engine 8vi 

Compton's First Lessons in Metal Worldng. ....................... 12mi 

Comptonand De Groodt's Speed Lathe. IZmr 

Coolidge's Manual d£ Drawing .8vo, pape 

CooUdgB and Fresman's Elements of General Drafting (or Mecbaidcal Ei 

gineers Oblong lb 

Cromwell's Treatise on BelU and Pulleys 12mi 

Treatise oo Toothed Gearing 12mi 

Dingey's Machinery Pattern Making. - ISmi 

Durley's Kinematics ot Machines 8v- 

Plandcn's Gear -cutting Machinery .'.................. Large 12mi 

Flather's Dynamometers and the Measurement of Power 12mi 

Rope Driving -,,,,- ISm* 

Gill's Gas and Fuel Analysis for Engineers IZmi 

Goss's Locomotive Sparks 8ti 

Greene's Pumping Machinery. (In Preparation.) 

Hering'i Ready Reference Tables (Conversioti Factors) l«mo, mo 

• Hobart and Ellin's High Speed Dynamo Electric Machinery. ........ Bvi 

Hiitton's Gas Engii 



2 SO 

3 00 
3 GO 



hanicol Drawin 
Elemenls of Mechanical Drawing. ■ 



Machine Design: 
Part I. Kioemat: 
Part tl. Form, S 



Leonard's Machine Shop Tools and Methods Svo, 

■ Lweni's Modem Refiigemting Machinery. (Pope. Haven, and Dean).. Bi 

UacCord's Kinematics; or, Practical Mechanism. .8^ 

Mechanical Drawing 4t 

Velocity Diagrams. 8\ 

HacParland's Standard Reductioa Factors for Gases Si 

Maban's Industrial Drawing, (Thompson.) 8i 

UehrtcDs's Gas Engine Theory and Design Large 12n: 

Oberg's Handbook of Small Tools Large 12nio. 

• Ponball and Hobart's Electric Machine Desiga. SmaU iK ' " ' ' 

Feele's Compressed Air Plant for Mines. 

Pooie's Calorific Power of Fuels 

* Porter's Engineering Remini 
Reid's Course in Mechanical Drawing. . 

Teil-book of Mechanical Drawing 



1866 to 1882 Svo 
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Richardft'i Comprmed Air - . , .,....,... 

RoblnBon'B Principles of Mechanism Bvo. 

Scbwunbaod MemU'a Elemecti of Mechuiiun Svo, 

Sdiilh (A. W.) Bnd Man's Machine Detign. Svo, 

Smilh'iCO.) PrM«-worldoa of Metals. 8vo. 

Sonl'i CarbureliaK and Combustion in Alcohol BngiDei. (Woodward and 

Preaton.) Lurgo 12mo. 

Stone'i PiBclical Testing of Gu ud Gu Meten Svo, 

Thuraton's Animal ai a Machine and Prime Motor, and the Laws of Enerietics. 

13mo. 

:...8vo, 

iutomobile Initructor. Iflmo, 

* Titsworlti'i BlemenCso! MechaDical Drawing Oblong Svo. 

Warren's Elements of Machine Construction and Diawing. Bvo, 

• Waterbury's Vest Pocket Hand-book of Matbematici for Engineers. 

2JXBI inches, mor. 

♦ Enlarged Edition, Including Tables mor. 

Weisbach's Kinematica and the Power of Transmission. (Herrmann — 



f 1 50 

a 00 

3 00 
3 00 



HATBRIAL8 OF EHOIKEERinG. 



• Bovey's Strength of Materials and Theory of 
Burr's Elasticity and Resistance of the Materials of E 
Church's Mechanics of Engineerkig. . - 

• Greene's Structural Mechanics 

• Holley'a Lead and Zinc Kgmenta Large IZmo ; 

Holley and Lsdd's Analysis of Mixed Paints, Color Pigments, and Vomishs 

Johnson's (C. M.) Rapid Uethoda for the Chemical Anslyus of Special 

Steels. Slsel-Making Alloys and Graphite Large ISmi 

Johnson's (J. B.) Materials ol Construction. Svi 



Keep-s< 
Lansa's 
Maire's 



al Mechanics Svo, 



I of Mat! 



Strength of Matr 

If' s Steel. A Manual for Steel-users. IZi 

s Industrial and Artistic Technology of Paint and Vamish 8 

's ((A. W.I Materials of Machines 12i 

Ih's (H. E.) Strength of Material 12ii 

ton's Materials of Engineering 3 vols., S 

art I. Non-metatlic Materials of Engmeering. 8 



ood's (De V.) Elements of Analytical Mechanics Svo 

Treatise oo the Resistance of Materials and an Appendix on thi 

Preservation ol Timber. Svo 

ood's (M, P.) Rustless Coatings: Corrosion and Electrolysis of Iron aai 

Steel Svo 



STEAM-EKGIHES AND BOILERS. 

Berry's Temperature-entropy Diagram I2mo. 

Camot's Refloetiona on the Motive Power of Heot. (TTiurston.) 12mo. 

Chase's Art of Pattern Making 12mo, 
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Am-«iiBifi« and other Heat Molon- ■ 
DB,nH>ii's "Kngineering" and Electric Traction ~ 

• Gebbardt'a Steam Power Plant Eogmeering. . 
Goss'b Locomotive Performance 

Mechanical Engineerina of Power Plants 

Kent's Steam boiler Economy 

Kneaa's Practice and Theory of the Injector 

MacCord'5 Slide-valvea. 

Meyer's Modem Locomotive Conatmction 

Moyer'a Steam Turbine. 

Peabody's Manual of Che Steam-engine Indicator 

Tables of the Properties of Steam and Other Vapors i 
Entropy Table 

Thermodynamics of the Steam-en^e and Other Hea 

Valve-gears far Steam-engines, 8 

Peabody and Miller's Sleam-boilera S 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vap 

<Oslerberg.) 12. 

Reaean's Locomotives: Simple. Compound, and Electric. New Edition. 

Large 13mo, 

Sinclair's Locomotive En^ne Running and Management. 

Smart's Handbook of Engineering Laboratory Practice. 

Snow's Steam-boiler Practice 

Spangler's Notes on Thermodynamics. 12mo. 

Spangler. Greene, and Marshall's Elemeo 

Tllomas'a Steam-turbines 

TbursCon'a Handbook of Engine and Boiler Trials, and Che Use of the Indi, 
cator and the Prony Brake, , 

Handy Tables. 8vo. 

Manual of Steam-boilers, their Designs, Constmclioit, and Operation Svo, 

Manual of the Steam-engine, 2 v ' 

Part I. History, Structure, and Theory 

Part !I. Design. Constraclion, and Operation 

Wehfeofepnig's Analysis and Softening of Boiler Feed-water. (Pal 

Wdsbach's Heat. Steam, and Sleam-eogioes, (Du Boi«.) 

Whitham's Steam-engine Design 

■Wood'a Tiennodynamia, Heat Motors, and Refrigerating Machini 

HECHARICS PDRE AND APPLIED. 

Church's Mechanics of Engineering. Svo. 

Notes and Eiamples in Mechanics Svo, 

Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo. 
Du Boia's Elementary Principles of Mechanin: 

Vol, I, Kinematics Svo 

Vol, II, Statics Svo, 

Mechanics of Engineering, Vol, I Small 4to, 

Vol, II Small 4to, 1 

Hartmann's Elementary Mechanics for Engineering Students,* ' (In Press,)' 
James's Kinematics of a Point and the Rational Mechanics of a Particle, 

Large 12mo, 

• Johnmn's (W. W.) Theoretical Mechanics. 12mo. 

Lanza's Applied Mechanics, , . , - , . , . ,Svo, 

• Martin's Text Book on Mechanics, Vol, I, Statics 12mo, 

• Vol, II. Kinematic* and Kinetics. 12mo, 

Maurer's Technical Mechanics Svo, 

« Merriman's Elemenu of Mechanics 12mo. 

Mechanics of Materials Svo, 

• Michie's Elements of Analytical Mechanics Svo, 

15 
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..8n>, BS f» 

_ jelZmo. 1 6» 

Sctmrnb and Herrill'i Ekmenu al Mechaaimi. Snt. 3 00 

Wood's ElnunU of Aulylksl iltchaoka. 8vo. 3 00 

- ■ — - - . ,,i2iDO. 1 2& 



* Abdertuildcn'i Phyiiokigical ChemistTT m Thinr Luctatm. (HhU mud 

Defren.) 8»o. 
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